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FOREWORD 

(U)    This report was prepared by Aerospace Reaearch Corporation on Air Force 
Contract FO8635-68-C-OO30.     The cratering evaluation and filling of the BLU-31 
bombs was administered under the direction of the Advanced Technology Branch, 
Weapons Division, Air Force Armament Laboratory, Eglin Air Force Base, Florida. 
Capt.  J.  Trossbach was project scientist for the Armament Laboratory.    The 
cardboard cylinders were furnished by Picatinny Arsenal and the tritonal was 
furnished by the Naval Weapons Station.    The explosive evaluations by Lawrence 
Radiation Laboratory,  the Naval Ordnance Laboratory,  and the Naval Ordnance 
Test Station were made at the  request of the Advanced Technology Branch with 
samples furnished without charge by Aerospace Research Corporation.    Mixing, 
loading,  test preparations,  and testing of explosives at Aerospace Research 
Corporation were performed under the direction of Leslie C.  Rose.    The inclusive 
dates of the research reported are March 1965 to August 1968. 

(U)    Except as noted thermal evaluations, cycling tests,  and shelf life eval- 
uations were made by Aerospace Research Corporation.    Thermal Stability tests 
performed by the U. S.  Naval Ordnance Test Station were provided in a confiden- 
tial memorandum which is included in Appendix I.    Susan impact sensitivity test 
results were provided in confidential correspondence from the U,  S. Naval 
Weapons Laboratory and are included in Appendix VI. 

(C)    The polyether urethane, nitramine formulations with and without aluminum 
are covered by patent.    The patent (application serial number öFOSlS) has been 
allowed but not issued due to a secrecy order issued by the Commissioner of 
Patents.    Specific exclusion of any claim by the U. S. Government to patent 
rights to the explosive was mad« in Air Force Contract F0863^-68-C-0030. 

(U)    Information in this report is embargoed under the Department of State 
International Traffic In Aims Regulations.    This report may be released to 
foreign governments by departments or agencies of the U.  S. Governments subject 
to approval of the Air Force Armament Laboratory (ATVT), Eglin AFB. Florida 
325U2, or higher authority within the Department of the Air Force . Private 
individuals or firms require a Department of State export license. 

(U)    Ibis technical report has been reviewed and is approved. 

George P.  Brenner, Colonel, USAF 
Chief, Weapons Division 
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CONFIDENTIAL ABSTOACT 

(C) An evaluation has been made of AeReCo explosives 1*59-23 and 
475.    The explosives withstand 350^ for at least one hour   and 
3CX)0F for eight hours.    Their storablllty qualities are excellent 
and they are not affected by moisture at any climatic temperature. 
In craterlng tests the AeReCo 1*59-23 equalled trltonal.    Batch 
type loading techniques were evaluated by loading BLU-31 bombs. 

. 

In addition to security requirements which must be met, this 
document Is subject to special export controls and each transmitted 
to foreign governments or foreign nationals may be made only with 
prior approval of the Air Force Armament Laboratory (ATWT), 
3glln AFB, Florida 32^2.  
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SECTION I 

INTRODUCTION 

(C)    The new explosive  formulations  for which mixing,   loading,  and test results 
are provided herein show promise as candidates  for  filling bombs,   land m^.nes, 
and other armaments which will be subjected to high impact after being  launched 
from high speed aircraft or to aerodynamic heating when externally mounted on 
supersonic aircraft or missiles.    As a result,  BLU-31 bomb cases were  filled 
with both aluminized and nonaluminized  formulations  for subsequent  sled  testing 
by  the U.  S.   Air Force.     Preliminary to sled  testing,  Susan Impact  tests were 
made by the U.   S.   Navy at  Dahlgren,  Virginia and  the results are  included  in 
this report. 

(C)    The explosives   for which the results of exploratory development work are 
presented utilize a polyether urethane rubber binder-fuel in combination with 
cyclotrimethylene  trinitramine  (hereafter referred to as RDX) and,  optionally, 
aluminum powder.     Most of the work to date has been directed toward evaluation 
of the explosives rather than manufacture.     The results of thermal evaluations 
at  several different  laboratories as well as at Aerospace Research Corporation, 
cratering capability  tests at the Aerospace Research Corporation high explosive 
test site,  and hazard classification tests are presep-->d herein.     In addition, 
information which is  preliminary in nature on mixing and loading of BLU-31 bomb 
cases is included.     Stowage in 300 to 350oF environments, good physical charac- 
teristics,  good cratering capability,  and castability which have been demonstrated 
are discussed. 

(C)    The two  formulations chosen for evaluation have been designated as AeReCo 
475 and AeReCo 459-23.     AeReCo 475 contains  25 percent binder and 75 percent 
RDX,    AeReCo 459-23 contains 18 percent binder,  59 percent RDX, and 23 percent 
aluminum powder. 

1 
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SECTION II 

SEI£CTION OF INGREDIENTS 

(C) Of the ingredients used in the explosive, the binder is the one that sets 
it apart from other explosives. The binder possesses the right combination ol 
properties to allow mixing and curing with nitramines and aluminum and after 
curing to have excellent physical characteristics over a wide range of environ- 
mental conditions. RDX alone or with aluminum powder is mixed with the binder 
to form a viscous slurry-like mixture which is then cured to the solid state. 
The binder is a polyether urethane and is derived from a conbination of ether 
glycols and toluene diisocyanate with diols and polyols or polyols alone as 
cross linking agents. The binder in combination with aluminum and the nitra- 
mines are covered by a patent (Serial No. 659313) for which notice of allowance 
has been received, but which is being withheld from issue due to a secrecy 
order issued by the Commissioner of Patents. Ingredients for preparing' tlr» 
polyether prepolymer are not limited by the patent to those Indicated herein. 
Ingredient selection factors are considered in the following subsections. 

(C) Binder Selection Both polyester and polyether urethanes were evaluated 
It was found that all types of polyester urethuies disin- for this application. 

tegrate when exposed to 95 percent relative humidity and l60oF for prolonged 
periods whereas the polyether urethanes do not. Exposure of the polyether 
urethane composites to 95 percent relative humidity and 160^ for six months 
resulted in no visible change in the shape or physical characteristics. The 
binder alone withstood 350°!? for ten hours without significant degradation. 
The specimen was slightly less resilient but showed no tendency toward slumping 
or stickiness. Flexibility is retained at -65^. The  binder lias been desig- 
nated AcReCo kOO.    For RDX or RDX-aluminum mixtures, the ciphers are replaced 
by the percent of RDX and a dash number after the percent RDX is followed by 
the percent of aluminum powder when it is present. 

(C) Aluminum Additive - The amount of aluminum that can be added to RDX is, per- 
centage-wise, considerably larger *han the amount that can be added to TNT while 
still increasing the effective explosive capability. It is indicated by results 
shown in reference 1 that the reaction of aluminum with oxygen in the primary 
explosive produces AI2O in the gaseous state and that AI2O3 which is the normal 
oxide of aluminum does not exist in the gaseous state. Further, It is indicated 
that the gaseous phase of the oxide AI2O does not exist below approximately 
35000K. Therefore, the heat of explosion of tbi primary explosive usually 
determines the percentage of aluminum which wi:.l produce optimum explosive 
power rather than the amount of oxygen available. It is further pointed out 
by Cook that the brisance of the explosive is considerably degraded by the use 
of aluminum but that the explosive power is significantly increased, thereby 
allowing a sizable increase in demolition capabilities by the addition of alu- 
minum. With the decrease in brisance it does not follow that there will be an 
accompanying decrease in Impact sensitivity of the explosive mixture. The 
particle size of aluminum to be used most effectively in this application has 
not been determined but there is seme indication that particle size below 35' 
mesh screen size will not produce any additional effectiveness. This is a 
factor that will have to be determined together with the optimum particle size 
of RDX. For high temperature explosives it is probable that determination of 
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the maximum amount of aluminum that can be used effectively will be well worth 
investigating both from a cost reduction and Impact sensitivity standpoint. 
Further, it may be desirable in the future to evaluate perchlorate salts as an 
additive because of their high heat evolvement upon their reaction with metals. 
Perchlorates, however, do not have the moisture resistance that may be required. 

(U) Oxidizer Selection - A comparison of chemical and physical properties of HMX 
".nd RDX is shown on the chart (Table I) furnished by Holston Arsenal.    Note 
«hat at 150oC (302oF) there is gas evolution from HMX although it is not as 
great as that for RDX.    Therefore, for any application where there is continuous 
exposure to 300oF,  gas will be evolved with both.     The effect of this gas 
evolution and the  length of time it can be  tolerated can be determined only by 
laboratory testing of the end device.     It should also be noted that with HMX 
there is a change  in crystal density with change in temperature.    The crystal 
density of HMX decreases with increasing temperature which means that the 
volume taken up by the crystals will increase.    In going from beta crystals to 
alpha crystals at 115°^»   there is approximately a four percent volume increase 
which takes place within the temperature range required for this application. 
There are no data available to show that the crystal phase change has given 
trouble in the past..    However, past applications were for temperatures below 
1150C and it is significant to note that ammonium nitrate which has a similar 
volume increase in going from room temperature to -65^» has resulted in sig- 
nificant propellant grain growth in starter cartridges and extrusion of the 
propellant out of the cartridge case as a result of temperature cycling.    RDX 
is not subject to this crystal phase change and may be more trouble free. 
Therefore, even though the detonation velocity of the HMX is a slightly higher 
than that for RDX as are the decomposition and explosion temperatures this 
crystal phase change may cause it to be less desirable in seme applications. 
One advantage of the proposed system is that HMX can be substituted for RDX 
in applications where HMX may prove more suitable.    All evaluations were 
made with type B,   class A RDX.    l^pe B RDX which is made by the Acetic 
Anhydride Process  contains five to fifteen percent HMX.    Therefore,   compat- 
ibility of HMX with the other ingredients used In the formulation is 
assured to a large degree. 

(C) Mixing Procedure - To prepare the urethane prepolyner, mix under a nitrogen 
atmosphere 46 parts of 2(X>0 molecular weight polypropylene glycol and 31 parts 
of 3OOO molecular veight propylene oxide adduct of 1,2,6 hexanetrlol.    Hold at 
I^QOp Untll both components are liquid.    Add 18.U parts of 2,k tolylene 
dilsocyanate and 4.6 parts of 2,6 tolylene dilsocyanate by means of a dropping 
funnel.    Continue heating until a reaction temperature of 212°? is reached. 
Hold this temperature until a viscosity of 5000 cp at 77^ is attained.    To 
prepare AeReCo 475, place 23.83 parts of the ure thane prepolymer In a mixing 
bowl held at 200°^.    Add 75 parts of RDX and mix until homogeneous.    Add 1.15 
parts of molten trims thy lolpropane and mix until the trimethylolpropane Is well 
distributed but not more than approximately five minutes.   Mix in a vacuum 
mixer or evacuate the mix prior to pouring.    Cure at 2000F for approximately 
13 hours.    To prevent foaming, all Ingredients used in making the explosive 
must be kept water free.    To prepare AeReCo 459-23, place 17*17 parts of the 
prepolymer in a mixing bowl held at 200^.    Add 23 parts of finely atomised 
aluminum powder and 59 parts of RDX and mix until homogeneous.    Add .83 parts 
of molten trimethylolpropane and mix until the trimethylolpropane is well 
distributed but not more then approximately 5 minutes.    Fron this point the 
procedure is the same as that for AeReCo 475- 
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TABLE I    COMPARISON OF CHEMICAL AND PHYSICAL PROPERTIES 

(RDX AND HMX) 

RDX 

Ht 
I 

OiN—N 

Ht—C 

N—NOi 

C-Hi 

N 
I 
NOi 

Hi—0 

Ot N—1 f 

H^-C 

HMX 

NOi 
I 
N 

N 
I 
NOi 

y—HI 

N—NOI 

C-HI 

Formula C3H6N606 C4H,NHOB 

Molecular Weight 222.13 
Melting Point (eC) 204 (dec) 
Explosion Temp (5 sec) 260^ 
Vacuum Thermal Stability 

(cc gas/gm in 48 hr) 
at 100'C 0.10 
at 150'C 3.0 

Confined "Cook Off» Temp ('C) 180 
Crystal Density (gm/ml) 1.802 

Heat of Combustion (kcal/mole) 501.82 
(kcal/gm) 2.260 

Heat of Formation (kcal/mole) -14.71 

Heat of Detonation (calc) 
(H2Ogas)      (cal/gm) 

Heat of Explosion (calc) 
(HjOliq)      (cal/gm) 

Detonation Velocity (m/sec) 
97% Voidless Density 

Slope (m/cc/sec/gm) 

1228 

1362 

8743 
3700 

296. 17 
280 (dec) 
327 'C 

0, 10 
0. 60 

210 
•L« 90 (Beta) 
*•• 82 (Alpha) 
J-* 76 (Gamma) 
At 80 (Delta) 

667. 41 
2. 255 

-17. 93 

1222 

1356 

9124 
3700 
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SECTION III 

PHYSICAL CHARACTERISTICS 

(C) The cured explosives are not brittle, even at low temperatures.    They 
may be machined with the precaution of frequently removing shavings and are 
easily sawn.     Remote cutting and machining has not been found necessary 
because of the poor burning characteristics in air. 

(C) Density -  The computed density of AeReCo ^59"23 is ! «88 grams per cc. 
Density based on weight and physical measurement is  ] .12 grams per cc.     The 
computed density of AeReCo ^75 i8 '»^J grams per cc.    The average density 
based on physical measurement is 1.5 grams per cc. 

(C) Linear Coefficient of Expansion - Measurements were made after 
stabilization at -650F and lo00F for AeReCo H59-23.    Based on these measure- 
ments the average linear coefficient of expansion is .33 x 10"^.    Determi- 
nation of the expansion coefficient was not made for AeReCo kf^. 

(C) Physical Strength - Tensile  tests have not been made with the explosive 
primarily because of erratic results obtained as a result of notch 
sensitivity with machined specimens.    Shear strength testing with 2^ 
percent AeReCo kOO binder and 76 percent ammonium perchlorate cast in an 
impregnated fibre tube showed an average shear strength of 1030 pounds per 
square  inch for the explosive and the bond interface between the fibre  tube 
and explosive.    The perchlorate explosive is adequately physically similar 
to the RDX explosive  to expect a similar strength for the AeReCo 473 and 

possibly a lesser value for the AeReCo H59"23« 
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SECTIOfl IV 

THERMAL EVALUATION AND SHELF LIFE 

(C)   Ability of the explosive to stand up at +3500F for one hour without 
physical deterioration, reaction with surrounding medium, «utoignition, or 
explosion was set as the goal in themal stability evaluations.    Shelf life 
expectancy is based on both storage  at ambient conditions and temperature 
cycling results. 

(C)   Themal Stability - The  themal stability evaluation was made with 3/8 
inch cubes of material, center drilled with a sheathed l/l6 inch diameter 
thermocouple injected into the center of and supporting the cube.     The oven 
in which the specimen was tested was controlled so that the wall temperatures 
remained at 350 + 3°? throughout the test.    The thermocouple  in the specimen 
.'ndicated that the center of the cube reached +350°? within six minutes after 
the wall of the oven reached +350°?.    Samples of AeFeCo hty-Z^ and 475 
explosive were thus exposed to +350^ in air for one hour without slumping, 
melting or undergoing significant change in geometrical proportions.    However, 
there was approximately a three percent weight loss which is  attributed to 
loss of the RDX.     The  confined cook-off temperature of RDX is  l80oC {3560F) 
as shown by the  comparison of chemical and physical properties in Table I. 
"Cook-off"   in ordnance teminology is generally used in reference to rounds 
left in a hot gun in case of Jamming (ref.  2, page 28-24) and it is assumed 
that with RDX a high degree of confinement would be required at +356^ 
before an explosion would occur.    Based on tests with propellants containing 
65 percent RDX,  cook-off in this manner would not result in detonation until 
an extremely high pressure,   in excess of 500,000 psi,   is resched.     The types 
of armament, degree of confinement,  etc.,  would determine the  statistical 
chances of reaching a high pressure under conditions of +350^ and the 
hazard involved in the use of such armament can be determined only by 
environmental tests which simulate field use conditions.    Independent and 
more definitive  themal stability tests for AeReCo 459*23 were perfomed by 
the U. S.  Naval Ordnance Test Station at China Lake,  California and the 
results are included in Appendix I of this report.    Those tests confim the 
ability of AeReCo 459-23 to withstand 350°? for at least one hour. 

(C)  Differential Thermal Analysis - Tests that were made at the Naval 
Ordnance Test Station,  Appendix I, also included differential themal 
analysis among others.    Additional differential thermal analysis tests were 
perfomed by Lawrence Radiation Laboratory and are included in Appendix II. 
The  results of these tests are adequately discussed in Appendices I and II 
and,  therefore, are subjected to no further comment.    Two binder specimens 
with different ether glycols were given vacuum stability tests at the U.S. 
Naval Ordnance Laboratory and the results are contained in a letter which 
has been included as Appendix III.     Binder 400 A was used in all samples 
for which tests are reported in Appendices I and II. 
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(C) Shelf Life - An eight pound specimen containing 63 percent RDX, 
thirty one percent binder, and remainder an inert ingredient has been 
exposed to the ambient environment under shelter,  at Roanoke, Virginia 
for ^2 months without any visible change.    In addition to ambient exposure 
a specimen of AeReCo ^59-23 5 inches by 5 inches by 2.8 inches was cycled 
from -65 to l8o0F for ZJ cycles without any visible change.    The cycles 
consisted of l6 hours in a -650F chamber followed by 8 hours in a l8o0F 
chamber except for two weekends  in which the specimen was kept at iSo0? 
for 56 hours each,  and one weekend in which it was kept at -650F for 48 
hours.     The 2 inch cubes for which the test results are shown in Appendix 
III were cut from this specimen after the cycling tests were completed. 
The shelf life can be expected to greatly exceed five years. 
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SECTION V 

IMPACT SENSITIVITY AND HAZARD CLASSIFICATION 

(C) Drop weight impact sensitivities were run on the Lawrence Radiation 
Laboratory machine using a 5 kilogram weight and type 12 tools with sand- 
paper. The  results are shown in Appendix II. The AeReCo ^59-23 is less 
than half as sensitive as HMX from a drop height standpoint and more sensi- 
tiv« than the AeReCo k^j.    Additional sensitivity tests were made with two 
inch cubes of explosive which were subjected to the impact of a number 8 
blasting cap. The  results of these tests are given in Appendix IV. No 
detonations occurred in these tests. As noted in Appendix IV, both AeReCo 
!A59"23 and ^75 are classified as Class B explosives by the Bureau of 
Explosives.  Class B is not equivalent to Military Class II in that the 
impact criterion for Class B by current practice of the Bureau of Explosives 
is insensitlvity to a number 8 blasting cap whereas the impact criterion 
for Class II by the military is insensitivity to 2 pentolite boosters 1 inch 
long by 2 inches diameter through seventy 0.01 inch cellulose acetate cards 
which delivers a much greater impact than a number 8 cap. 

(C) The tests which were made to detemine military classification are 
included in the summary sheet in Appendix IV. Card gap tests were not 
perfomed, but by comparison, it is estimated that approximately I^IO cards 
0.01 inch thick will be required to prevent detonation of the AeReCo explo- 
sives. From the results of the test and the known fact that in the card 
gap test the number of cards will exceed 70, the military classification of 
both explosives is Class 7* 

(C) Susan impact sensitivity tests on AeReCo H75 and AeReCo 459-23 were 
conducted by the U. S. Naval Weapons Laboratory and the results are included 
herein as Appendix VI. Tests with desensitized tritonal were made and the 
results are also included. Ths  results indicate that desensitized trltonal 
Is less sensitive than the AeReCo explosives under the conditions to which 
the explosives were exposed. It is possible that the AeReCo explosives can 
be vade less sensitive by using a finer than Class A RDX. However, the 
finer RDX could make processing more difficult. The physical strength of 
AeReCo explosives is much greater than that of trltonal, and therefore both 
of the types tested would offer greater resistance to crushing upon impact. 
Thus, a proportionately greater amount of heat should be generated within 
the specimen. Encasement of the explosive within a shield which together 
with the explosive is strong enough to withstand crushing may provide a 
significantly improved result. If this should be true a reduction in bomb 
case wall thickness might be possible for the AeReCo explosives over that 
now required for trltonal. 
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SECTION VI 

DETONATION ENEflGY 

(C) A measure of the detonation energy of both AeReCo ^59-23 and AeReCo ^75 
were determined from craterlng tests with thirty pound charges.    The procedure 
used In reference 3 wa8 followed as closely as possible in order to allow 
comparison with the results given therein for thirty pound charges.    The 
experimental approach and experimental results for the craterlng tests are 
presented in this section. 

(C)Experimental Approach-Thirty pound explosive charges of AeReCo ^59-23, 
AeReCo '♦75* an'i tritonal were cast in cardboard cylinders of 7 incnes inside 
diameter by l/k inch thick walls.    Four of each were detonated with their centers 
of gravity either 6 or 7 feet below ground surface in a 9 l/2 + 1/2 inch diaireter 
hole.    Each was covered with fill 2.5 feet above the charge C.Ü,    More specific 
details are provided in Appendix V.    Prior to testing and boring the holes the 
ground was leveled so as to provide a square plot of virgin soil approximately 
20 feet on a side for each specimen.    Soil samples were taken at 0, 3, and 6 
feet and sealed in a glass Jar for future analysis if desired.    The soil varied 
froc a soft to hard, deteriorated schist. 

(^Experimental Results-The results of the tests are given in figures 1 through 
23 and Tables II through XIII.    It can be seen from figures 1 through 12 that the 
craterlng capabilities of AeReCo '♦59"23 and tritonal are similar and that both are 
much superior to AeReCo kfj.    That both alumlnized explosives are superior in 
craterlng capability to a nonaluminized explosive is in agreement with reference 1. 
The crater volumes and averages for each type explosive at each depth including 
results obtained for 30 pound charges of tritonal in reference 3 are as follows: 

Sample 
No. 

Depth 
Ft. 

6 
6 

AeReCo 459-23 
Vol.  Cu. Ft. 

700 
197 

AeReCo H75 
Vol.  Cu.  Ft. 

171 
207 

Tritonal 
Vol.  Cu. Ft. 

Tritonal 
From Ref.  3 

1 
2 

Vol.  Cu. Ft. 
-   301 

268 

I 7 
7 

to 
621 

0 
0 $ 234 

It is Indicated from the results that the soil variation was a major factor. 
Large chunke of hard soil can be seen in figure 19 for sample 3 of AeReCo 459-23. 
Ihe hardnesj of the soil may account for the quite low volume of l4l cubic feet. 
The reason for the larger hole volume for tritonal at the Aerospace Research 
Corporation site than at the Corps of Engineers site probably is also due to 
differences in the soil. 
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Figure 1 - Crater Profile - Sample:  AeReCo l*59-23, 1. 

10 

CONFIDENTIAL 

-     - 



CONFIDENTIAL 

i 
i 

X-X Plane 

6 8        10        1? 

.h 

■•5 

Crater Radius,  Ft. 

Y-Y Plane 

CONFIDENTIAL 

Figure 2 - Crater Profile - Sample: AeReCo ^59-23, 2. 

11 

CONFIDENTIAL 

"t ' 

 - n 



CONFIDENTIAL 

12        10 

£ 

X-X Plane 

! 

Y-Y Plane 

-.1» 

"5 

-.6 
CONFIDENTIAL 

Figure 3 - Crater Profile - Sample:    AeReCo ^-2}, 3- 

12 

CONFIDENTIAL 



——— 

5 
8 
u 
Si 

4* 

5 
a 
u 

I 

CONFIDENTIAL 
West 

Y-Y Plane 

CONFIDENTIAL 

Figure I» - Crater Profile - Sample:    AeReCo 1»59-23, I. 

CONFIDENTIAL 



  

r- CONFIDENTIAL Sast 

12   10    8    6 

I  '  I '  I  ' 

■p 

5 
I 
u 
* 

X>X Plane 

West 

R   10   12 

I  i I ' I 

Crater Radius, Ft. 

5 

s 

6       8       io      12 

bo I ' I  ' I 

Y-Y Plane 

3 

k 

-■5 

if 
Figure 5 - 

CONFIDENTIAL 

Crater Profile - üample: AeReCo 475, 1. 

CONFIDENTIAL 

i ^ 



■•—1 -^ .^ r, T^.* ati     wTS'i'-^.^w^ 

+J 
b 

5 
I 
h 
0) 

■p 

C 
ü 

East CONFIDENTIAL 
■i 

X-X Plane 

West 

"5 

•-6 

■p 

5 
j 
0) 

■p 
a) 

South 

12     io        8        6 

I ■ < ■ I e ' 

Crater Radius, Ft. 

^2 

--1 

North 

8    10   12 

M   I  '  I 

Y-Y Plane 

■•5 

i6 
CONFIDEHTIH 

Figure 6 - Crater Profile - Sample: AeReCo l»75, 2. 

CONFIDENTIAL 

MteMM^MM*. 



■ 

East 
CONFIDENTIAL 

West 

12        10 8 6 1» 2 

i 
X-X Plane 

2 4 6 8        10        12 
. .1 

..2 

'■3 

■5 

12        10        8 6 >♦ 2 

I 
I 

Y-Y Plane 

10        12 

••1 

•2 

•3 

-k 

"5 

CONFIDENTIAL 

Figure 7 - Crater Profile - Sample: AeReCo 475, 3. 

16 

CONFIDENTIAL 

—^.  



 --•■i 

CONFIDENTIAl 
East 

■P 

P. 
a 
u 
to 

2 

X-X Plane 

+ 1 

..2 

•3 

..k 

•■5 

Crater Radius, Ft. 

-r2 

J3 
■P 

2 

South 

12      10 8 f 

Y-Y Plane 

+ 3 

4-4 

+ 5 

-L6 
COHFIDENTUL 

Figure 8 - Crater Profile - Sample:    AeReCo ^75. '♦• 

CONFIDENTIAL 

  



■p 

a 

East 
CONFIDENTIAL -^ 

X-X Plane 

I 
I 

y-Y Plane 

CONFIDENTIAL 

Figure 9 - Crater Profile - Sample: Tritonal, 1. 

18 

CONFIDENTIAL 

— ■   -. 



— CONFIDENTIAL 
Bast 

5 
i 
3 
2 o 

West 

X-X Plane 

8    10   12 

■+-H-M 

5 
I 
h 

I 

South 

12   10    B 

I  '  I  '  I 

Y-Y Plane 

Crater Radius, Ft. 

.. 1 

North 

10        12 

16 
CONFIDENTIAL 

Figure 10 - Crater Profile - Sample:    Trltonal,  2, 

19 

CONFIDENTIAL 



P^ast 
CONFIDENTIAL — 

•p 

5 
I 

f 

West 

10        12 

-M-f 

X-X Piano 

South 

■■6 

Crater Radius, Ft. 

.-1 
North 

8        10        12 

I     '     I     '     I 

Y-Y Plane 

Ik 

+5 

Figure 11 - 

CONFIDENTIAL 

Crater Profile - Sample:    Tritonal, 3. 

20 

CONFIDENTIAL 

  



r*i 

East CONFIDENTIAL — 
..i 

12        10 8 

I 
i 

X-X Plane 

West 

16 

South 

Crater Radius, Ft. 

T2 

■•1 

12   10   8    6    I»    2 

I ' »%u 

i 

Y-Y Plane 

North 

2    U    6    8    10   12 

CONFIDEHTUL 

Figure 12 - Crater Profile - Sample:    Trltonal, H. 

21 

CONFIDENTIAL 

  ~-f ii      



CONFIDENTIAL 

' Mr 

H 

1 
t 21^>., ■. ■ ,^1^ 

91   - A^   i 

ll*1! .^i 

u 
•H 
rH 
o 

■p 
c 
11 

a, 

ai oj 

gp 
CO 

■P co 
to a) 
0) H 
R m 
i 

b0 

rH 
a. 

rj} 

O 
O (U 

CD H 
« O 
aj » 

O   (U 

(1) x( 
•H a 
>    CO 

I 

01 
C 
3 
5) 

cö 

< 

o 

h 

+-> 
o 
a. 

g 

-a 
c 
cfl 

H 

0) 

Q. 

G 
o 
•p 
•H 
h 

H 
CM O 
O 30 

>   P 
0)    !/l 

■H   OJ 
>   EH 

in 

u 
p 
5) 

22 

CONFIDENTIAL 

  



CONFIDENTIAL 

<u 
H 
a 

OT 

tiCM 
0.1   I 

■PCJN 
oJm 
K^ 
u 

o 
tn u 

m< 
i 

o 
Hi 

rn 
a; 
a, 

■n 

* m 
u OJ 
(U    I 
P   ON 
a) u^ 
o 

o 

a oc 
0Q  < 

1 

a' 
3 u 

CONFIDENTIAL 



CONFIDENTIAL 

Ln 

H 

u 
i) 

ef ^- 

G 
Q 
Ö 
s 

CVJ 

P 
bO 

•H 

I 
o5 

cö (— 

o o 
11 

0)  C£ 
r-(    0) 

OJ 

24 

CONFIDENTIAL 



CONFIDENTIAL 

CVJ 

H 

'0 

'-I 

0) *-> 
a) 
U    rH 

c 

rH     h 
CQ  En 

I 

cv 

p 
Ed 

1 ...    . —^^ 

i 
E o o 

rnnvmmw 
'^SM'-'^^Wi 

'-rll :mw§>Sm 
■■^ ^^^1 

t 

H 

g 
'0 

B 
Q 

PI H 

■P 
to 
3 

i 

CO 

I 

.   ■.    .   • 

> •» 

25 

■ \ 

CONFIDENTIAL 



CONFIDENTIAL 

—— 

o 
u 
4) 

i) 
< 

—" 

| 

CO 

u 
x: 
»—t 
oi 
UJ p 

CQ 

< 

9 
(VJ 
I 

in 

60 
C 

0) 
4-1 

« c 
u 
o 
m 
O 
O 

i 
u 

I 
OC 
vO 

I 
lo 
CO 

8 

S 
<u 
01 i 
4J 

i 
U 
c 
3 

ß 

ON 

£ 

i 

£ 

o 
z 

I 
(0 

rvj 
i 

ON 

o 
o 
I 

0) 
> 
•H 

o 

tM 

V 
gg 
ö 

§. 

VO 

«T   S 
0) 
N 
•H 
M 

01 o. 
60 
E 3 
« 

I   6 VO 
M 

C> 

x > rHI 

° 1 
M 

u        S 
n 
H 

0) 

o 

0) 
N 

o 

I 

4J 

o 
U 
c 

ON 

ir 

> 

t      Ö 
H ^H 

t 
O 

i-i o 
U 4-> 

•I      ^ iß 

§ 
CO l-H 

o 
/-\ SB 

c 

.3 

| 
B ■ 

u 
g*      o a   a 

a 

c 
o 

1-1 
<a 
O 

l-H 
a 
& 
u 
V 

§ 
•1-1 
in 
O 

to 

•H 

c 
3 
O 
b 
O 

ON 

t-l 
0) 

c8 
•H 
a 

£ 

0) 
I-I 
o 

M-l 

0) 4-1 

•H 
O 
I-I 
cd 

O 
CM 

c 
o 
•H 
(0 
o 

M 
0) 
4J 

•4-1 

c 
o 

•r^ 
0) 
O 

r-l 
o. 
x 
u 
0) >-. 
o 

14-1 

o 

in 

Ov 

>4 
I 

>4 U 
01 

■ 
4J 
01 

U 
<u 

a) 
u 

<M 

I 
X 

u 
(U 

•H 
a 
u 
(U 

« 
ü 
u 

UJ 9 
(8 

I-I 
cu 
X 

I 
iX 

a. 

u 
4J 
<o 
C 
u 

o I 
1   1-1 o o 

ON o IT» 

od 

00 H ON 

1   r«. (VJ O 

vo Cd col 

1   "^ CO pol 

-* CO oo 

! ^ CO ON 

1    CM ir. o 

1    i-l iTi ON 

1    0 
ITN 9*1 

1    i-l ITN r—\ 

tM ir» o 

CO j* • 1 
ON| 

"* J* H 1 

m en IfN 

1  ^ ro VL; 

1  ** (VJ I—1 

00 (VJ (VI 1 

1  "^ H m 

0 

1 ^ 
O 

ITNI 
• 1 

1  M 

0) 

3 
•P4    4-1 

"O    0» 
tn   a) 

1« M 

• 
14-4 •HI 

I* 

c u 
a    ! 

Si  1 

V4 

3 
O 

c 
n) 

4J 
a 

u 
ca 
B 

CJ 

1   '-l o o 

o> o o 

co o i] 
N (Vl J3- 

vO (VI 
ITNI 

• 1 

1   "^ (VJ oo 

«3- c-i H 1 

1    CI m 
ITNI 

•   1 
oo | 

1   ^ J» • i 

1   ^ J* 
H 1 

o ITN ON 

1    f~' lO • 1 
OC 

CM ITN NL-  1 

1     n 
J- Ipl 

1    >* m s 
m m « 1 

Vfi 1 

1  ^ pn H 

1  ^ H •~l 1 H 

00 H 
ITN 

• 1 

ON o ITN 

I-I 
o O 

i  I« 
01 
3 

l-H   4J 
•O   01 11 

• 
4J 
4-1 

1 
c u 

■Ml 

LJ 
E 

26 

CONFIDENTIAL 



CONFIDENTIAL 

60 c 
•i-l 
u 
<u 
4J 

u 
CJ 

o 
o 
o 

i 
u 
00 
vO 

I 
in 

I 
ä 
tn 

0) 

6 

<2 

CO 

I 

a 

VO 

I 
o c 
(1) 
3 

j 

(VJ 

f 

(0 

(U 

s 
u 

CVJ 
I 

o o 

0)       P 

«1 
p 

« 

VO 

o 
as 
(U 
N 

•H 
M 

3 
j vO • 

a\ 
in 
lH 

O 
f>- l ■ 

J    3 
o 

0) 
CO 
D 

O z 

4) 
N 

w 
V4 

o 

VO 

5 

X) 
3 
O 

s 

c 
3 

t: 
•H 

• • 
u 
<u 

X! 
4J 
(d 

| 

CO 

s   § 
0 -H 

ir\ 

u 
> o u 

■H 

tn 
0 i 
0 

-~>        Ä 

o 

VO 

o 
o 
4J 

00 

in 

§ > 
•H 

0 CJ a 
w (fl i-H T» Q 

O 0 c 
u i-H 4J 3 41 
0) 1 c o I-) 

Ä «1 ä £ 

c o 
•H 
Ifl 
o 

I—I 

I-I 
(U 

c o 
W o 
a x u 

fa 
o 

o 
o 

•H 
O 

« 
i-H 
o 

0) 
o 

1—I 
a 

0) 

/-S 4J «-I a 

g 
•l-l 
<n 
O 

I-I 
o. 
x u 
(U 
E o 

IM 

u        O 
o 

m 

at 

i 

u 
0) 

I-I 
(U 
*J 
(0 u 
u 

^ 

(U 
c 
a) 

I 
X 

u 
9) 
U 

u 
at u 
id 

0 

en 

CO 

3 

c 

X 

I-I 
a» 
u 
id 
I-I o 

o 
rH o o o 

i-H O o 

o\ o o OV o a 

00 o o 00 o o 

r^ o no r^ o o 

vo o r- VO o m 

m 
i-H H m o 

rH 
i-H 

s» f-4 VO vt r-t VO 

to r-t 
IPv J] 

9 
fa i 

m i-t 
o 
i-H 

CM i-t 
o 
H CM CM 

lO 

VO 

f-l CVJ r— i 
rH (M Ov 

o m m o f-l ITN 

i iTV 

i-H CM a- 

x 

rH 
CM lO 

CM CM vo C-J CM CM 
3 
0 
N ITV n CM H H • 

oc 

<* <-* s <t i-l j» 

m O 
H m •H o 

vo o s vO O cr 

t>» o ir> 

• • 
0) 

r^ O a" 

00 o o e 
■d 

rH 
Pu 

00 O ov 

OV o o 
1 

OV O O 

o 
P4 o o 

B 
a 

o 
I-I o O 

\ • s , 
4J c 1 4J c 
VM «) I4H •iH ** 

M ■ ■ 
0) • • h «I • • M 
3 J: « 3 x; E 

■H   4J 0 M ■H   U B g •O   «I a id T3   0) o. 
^a i fa 

0 lj 1 S 

27 

CONFIDENTIAL 



CONFIDENTIAL 

tu 
CM 

IS) 

O 
U 

ec 
u 
< 

a: 
tu 
OQ 

u 

I < 

H u 
LU 

I 
> 
t—( 

to 

•H 
)J 
01 
4J 
ra 
E 
u 
o 
n 
o 
o 
■ 
o 
I 

oo 
vO 

in 

B 

4J 

! 
i 

£ 

to 
43 

(U 
y 
c 
tu 
3 
er 

to 

s 

tu 
60 

I 
rvj 

u 

(VJ 
i 

ON 

at 
a 

10 
o 

o 

T3 
0) 
M 

s 
<u 
N 

0) a 1 3 
« 
6 vO ( 

ON 
IT 
i-H 

o 1 

to i 

4J 

a 

O ei 

o 
• 

(VJ 
ON 

vO 
0 • 

A 

3 
O 

4J i> •.-< 

»J 
0) 

4J 

td 

fi 

<U 

8 

S 

V 
M 4J 
•H at 
M 3 

h 
o •• 
4J « 

s g 
O «H 

Ü 

o 

c 
«-i   .2 

10 
o 

tu ■ 

2 
O        u 

4J 
PL 

w        £ 

w 

(M 

OS 

& 
4J IJ 

a 
" "4-1 

f 
r. 
o 
rJ 
(0 
O 

& 

u 
o 

4j       M 

o 
u 
td 
i-i 
o 

Pu 

" CO 

.• I 
• a 

d & 
o 
4J h 

01 
J= 4J 
4J M-l 
a < 

at 

o 

4J O 

■- 0 

o 
0» 

in 

DJ 
c 
t« 

I 

1 #- li 
0 4J 

0) 
1-t 

4J 
O l 

u 
tu 
4J 
ta 

o 

rr 

i 
i 

X 

u 
0) 
4J 
<d 
u 
V 

0) 
c 

I 
X 

u 
a 

<s 
0) 
4J 
«d 
u 
u 

o 
I-H 

O o o o o 

<T\ o o o\ o o ^. 

00 o o CO u o 

r» o o I*' a o 

vO o vu vC o \o 

m o OO 1/1 o 
l-l 
H 

•* H o 

B 
U 

1 

^ H J* 

(*i H 
IT« • m H s 

tM H -» CM (VJ J* 

H r* s r-i (VJ v^ 

O (V) 9 o (VJ s 
1 ITN 

r-l (VJ H rH H on 

CM fVJ H o 
3 1 

CM H m 

fO CVJ (VJ co O r- 

«* (VJ r-l -3- O s 

m (M o IO o r^ 

« O o vD o en 

r^ O o 

M 

r^ o O 

ao O o I eo o O 

» O o ■ 
ON o O 

o 
t-4 

O o 
B 

1 
M 
0) a ■ E 0 

o 
i-H 

o o 

tn 

1 
a 
3 

•H   U u 
u 
IM 

J 

e 

• 
s 
J 
a. 

• 
CO 
3 

•H   4J 
•O   OJ 

5^2 

U-t 

1 
c 

_i 

c 
•H 

28 

CONFIDENTIAL 



CONFIDENTIAL 

* 

I 
f 

8 co 

(30 s 
h 
B 
4-1 

<a 
u 
u 

o 
m 
o 
o 

I u 
I 

00 
xO 

>r\       Z 

vo V 

3 
o1 

SO 

CO 

£ 

to 
3 

0) I 
«a 
4-1 

<3 

^ 

in O 
4) 2 
H 

£ B 
4J 

£ 

m 
(\j 
i 

ON 
u- 
JT 

j* O 
o 
0) « 
<u 
<: 

• 

4J 
(0 

to 
o 

01 

§. 

(4 
•H 
to 

V PL 
be 
u 3 
n) 

6 vO 
i 

« 
m 

o i-i 

o>- 

1 I 
• • 

4J 

1U 
M 
l-i 

6 tM 

•o 
0) 
M 

OJ D 

• 

o 
4J 
c I 

X 

tg 

■2 

3 
O 

U 
(U 

4J 

<S 
I 

N 4J 

o •• 
4J 0) 

s § 
0 •* 
4J 4J 
01 -H 
Q •O 

01 O 
u U 

-a- 

i 
|   5 

10 
o 
3 

^ ■ 
3 0) 

M i-H 
O 

o 
o 

4J 

w a 

o i 

M 

ON 

u 
01 
4J 

•i-i 
Q 

£ 

C 
o 

•H 
(0 
o 

i-H a 

h 
0) 
4J 
■4-1 
<: 

§ 
« 
0 

r-l 
a I 
(V 
b 
o 
01 

o 
4J 
o 

•r( 
o 
u 

o 

u 
(U 

I 
u       at 
0 4-1 

o 

in 

s* 

I 

01 
4J 
« 
l-i 
Ü 

in 

Si 

01 
c 
cd •• 

r-l 01 
h C I 

* : 
* i 

« 
JC 
4J 
a 

01 
4J 
cd 
»j 

u 

u 
01 
4J 
cd 

u 

00 

CO 

0) 
3 

■H    4J 
•a «I 
cd oi 

cvj 

CVJ 

OJ oo 

ry 

LO 

lO 

m 

(\j 

oc 

IO 

ITN 

4J 
a 

u 
o z 

3 
o 

01 
c 
cd 

V4 

4J 
cd 
u 
Ü 

o 
I—1 O O 

0\ o O 

00 o vo 

r» r-l (VJ 

vO H ON 

m <VJ ro 

>* CVJ ON 

ro m pn 

CM PO s 

I-I 
j»- 

to • 

O lO (M 

I-I J»- s 

M J3- r^- 

m J* • 

»t J* o 

U"l PO 
to 
PO 

vO PO H 

r». M H 

00 H to 

» O J- 

O 
I-I 

O o 

n 
co 
3 

•H    4J 
T3    0» 

4-1 
U-l 

J: 
4J 
Q 

• 
c 

•H 

CO 

ii 
id 

g 

29 

CONFIDENTIAL 

■         



CONFIDENTIAL 

IC 

> 
UJ 
SI 

so 

§8 3 

60 E 
(d 

6 

U) 
J3 

U 
c 
0) 
3 
O* 

I» 

M 
o 

O 4) 
as      a 
0)        H 

(Vi 

41 X 

5 * 
• 

0 
z OJ 

CO 

ft, 
0 

vo • 

t 
s 
0) 
N 

CO 

3 

A 

3 
O 

3 2 
<u 
w 
M 
<TJ 

Ö tN 

•o « 
a- 09 
H a 

• 

c 
3 

c 
•H 

U 

id 

a I 

CO 

u- 

u I 
o 
o 

•H 
(b 

01 
CO 
O 3 
o 

U 4J 

£ 
0 •• 
4J M 

1 ° O H 

Q T3 

O 

0) 

1 81 4) 
4J 

0 u § 
in •H •H •H 
M Ul f—1 73 Q 

O o § 4J t-l 4J (U 
n a c 0 r-l 

1 & 1 ä a 

c o 
■rl 
10 o 
a 
& 
h 
ai 
4J 
M-l 

c 
o 
in 
O 

rH 
a 
& 
4) c 
o 

«4-1 

0) « 

o 

•a 
■i-i 
o 
C 
(8 

IH 
o 

A« 

^O 

c 
4-1 O 

«      co 
• o 
• a 

J ä 
o 
4J h 

41 

41     fi 4J M-l 

c 
p 

ft 

4) 
E 
o 

IM 

I 
o 
4J 
o 

m 
o 

«in 

41 
c 

i 

4) 
4J 

i 
l-l 
4) 
u 
id 
u 
u 

4J 
(0 

4) 
e 
CO        •• 
i-l V 
PX      c I 

M 

4) 
4J 

1 
41 u 
id 

o 

I 
X 

41 
u 
a) 
V4 
U 

o 
1-1 o o 

a\ o o 

00 o o 

i». o o 

vO o v«0 

in iH 
• 

o-i 

«» 1-t 
• 

CO OJ VO 

CM OJ 
O 
iH 

1-4 (M 
SO 

o fVJ rH 

•-H (\J O 

CM iH s 

CO iH f— 

<t H H 

in o s 

vo O a 

r» O o 

00 O o 

ON O o 

o 
1-t 

O o 

■ 
3 

•H    U 
•O    4) 

■u 

• 
1 

J 

e 

• 
1 

L 

00 

3 
O 

CO 

4) 
c 

i 
>> 

a. 

u 
41 
4J 
id 
b 

O 

J 

ir> 

u-N 

ON 

(VI 

■73    1) 
41 

oc 

o 

o 

je 0 a. L 
en 

^: 
E 
E 

30 

CONFIDENTIAL 

— 



CONFIDENTIAL 

^ 

i 
rsi 

S 

I 
to 

(9 
s 

< 

? 

(0 

60 
C 

C8 
U 
O 

o 

■ 
oo 
vO 

I 
IT» 

cn 
vO 

s 
v 

SO 

C 

j 

s 

0) 
u 
c 
Q) 
3 
cr 

Si 

(VI 

<u 
t>o 

I 
CVJ 

i 

s 
(0 
o 

0) 
N 
•H 
CO 

1 1 
6 VO 

i 
OV 
U1 
pH 

o 1 
M 

• • 
CD M 
A 1 

•a 

o 
4J 

s 
o 

•V • 
01 s 
0) • 
D <*i 

• 
0 z ^8 

fe 
o 

vO • 
& 
Ä 

f 
3 
O 

CO 

I  5 

(U 
J2 

I 

eg 

N 

at i c o i 

ir 

Si 

(U 

o 

o 
4J 

^       J3 

a 

£ 

VO 

a 

3 

Z        o.      u       •"       P 
K   m    si     m 

a»       H       Q       -O        4J 

a) 
•H 
a 
0) 

f-t 
o 
s 

c 
o 

•H 
(0 o 
a 
& 

a 

u 
o 

o 
u 
O 

•H 
o 
u 
CO 

1-1 
o 

I 
4J O 

" (0 
• O 

O ^ • a u 
u 
9) 
U 

CO 
o 

r-l 
a 

(U 

o 

o 
o 

u-i 

<u 
c 
10 

►>       .u 

l-l 
01 

u 
0) 
4J 
cs 

u 

01 
c 
10 

X 
I 

u 
<u 
u 
10 
u 
u 

(.7 

s 

a 

V 

CO 
U 

o 
o o 

av o o 

ao o SU 

r» o OC 

vO o 1— 

in o 
C\j 

»* rH s 

m PJ 0O 

CM m o 

i-l m ir> 

o CO r^- 

i-H m VO 

CM m o 

co CVJ r- 

>» (VJ (VI 

m rH o 

vO o CO 

r»- o • 

ao o o 

ov o o 

o o o 

n 
| 
3 

•H    4J 
•o a) 

• 
4J 

«4-1 

1 
1 

3 
s 
J 
a. 

u 
o z 

3 
o 

CO 

c 
CO 

J= rH 
B a I 
M 
ai 
w 
10 
u 
u 

o 
l-t o o 

Ov o o 

CO o o 

r^ o o 

vO o \f> 

m rH o 

•* r-i co 

CO CVJ rH 

es (VJ 9 

f-H on 

O C"> r- 

rH m 0Ü 

CS (VJ • 
or 

fr» (VJ 

>* (VJ 
»Pi • 
H 

m H (VJ 

vO O rH 

r> 
O o 

00 o o 

Ov o O 

O 
rH 

o O 

■ 
3 

•H    U 
TJ   01 

4J 
VM 

• 
4. i 

c 
•H 

J 

h 
1 

J»! E 

31 

CONFIDENTIAL 

    



CONFIDENTIAL 

CO 

i 

NO 

at 
■XI 

tu 

< 

H 

p 

NH 
Bi 
Ui 
P 

u 

> 

-I 

CQ 

< 

S      a 
co       C I 
H 

oo 
c 

•H 
h 
0) 
4J 
IS 
M 
O 

O 

o 
o 

I 
o 
00 
vO 

I 
m 

vo 

8 
b 

to 

01 

| 

W 

<3 

or 

u 
c 
(U 
3 
cr 

j 
01 

i 

S w 
u 

CO 
SO 

o > 

60 
E 

Si 

01 
00 R 
£ 

A 
o 
4J 

J 

i«n 

o 

1 
1 

. 
01 

(U > 
•H 
tn 
O 

rH 
a 
& 

•a 
0) 

P 

o ■ 

o 

N 
■H 

a 

«!    3 
o 

T3 

in a 

0) 
Q 

CVJ 
SO 

Bd 
t 

i- 
OJ 
H 

ä 
u 

I 

■ 
N U 

co S 

h 
o 
4J CO 
(S c 
c o 
O -H 

•o 
c 
o 
o 

c 
3 
O i 

o 
o 

3 
O 

IH 
Ü U 

c 
3 

CO 

o 

o 

I 

a 

ON 

c 
o 

•H 
CD 
O 

rH 
a 
x 
u 

h 
0) 

■u 

< 

tn 
O 

a 

o 
h « 
o 
ft. 

c 
o 

■r< 

o 
1—I 
a 
& 
u 
v 
u 

IM 

c 
o 

•H 
to 
o 
r-l 
a 
x w 
01 

o 

a»       •• 
4J O ■ 
B 
n> 
•H 
Q 

0) E 
i—l 
O "1 

SB n 

o 

3 w 
1-1 

0) (!< 
0 l-l 
•u o 

■M 1 
j: QJ >< 
u ■ 
a ^ 
£ • • OJ 

0 u 
(U w 01 

1-1 o E 
5 £ •H 

u 
01 

B 
u 

0) 
c 

X 
I 

X 

u 
<u 

to 
•i-i 
o 
u 
0) 
4J 
Ifl 
l-l 
u 

10 

I 

to 

in 

u 
■ 
e I 
QJ 
QJ 

CO 

01 
c 

M ■ 

S a 
I 
I-I 
QJ 
4J 

I« 
u 

o 
I-I rH as 

ON rH cc 

00 i-H 
r— 

r^ rH 
O 
H 

vD (M i-H 

m (\J O 

-* CVJ 
1^ 

r-i 

m rH r-J 
rH 

CM rH 1  

i-H i-H 

o rH irs 

i-H rH CTS 

CM OJ 
ITS 

tn (M pn 

<r O 
rH 
rH 

m rH (VJ 

vO rH r— 

r>> rH 2 

00 rH 
H 
H 

ON (VI OJ 

o M W 

R 
co 
3 

•H    4-1 

ii 

4-1 
<4-l 

X 
t 

C* 

J 

1-1 
o z 

3 
O 

to 

QJ 
B 
rt 
i-i 
fti 

M 
4J 
a 
ä 
u 
01 
4J 
<D 
U 

CJ 

ir\ 

OJ 

ITS 

to 
3 
iH    4-1 

•o   (U 
td   OJ 

l/> 

0C 

irs 
sd 

ON 

TIT 

OC 

B a. 

J. 

ID 
0J 

4-1 
m 
C 

C 
3 
O 
E 

IH 
O 

d 
o 

o 
1-1 

QJ 
3 

T3 

<N| 

QJ 
C 
It! 

i—l 
ftn 

T3 
c 
nj 

QJ 
to 

•H 

tO 
l-l 

01 

a 
to 

i-H 
ft4 

X 

>< 
QJ 
O 
c 
QJ 
I-i 
QJ 

I 

32 

CONFIDENTIAL 



CONFIDENTIAL 

to 

i 

* 

c 
u 
01 
4J 
tfl 
u 
u 
o 
m 
o 
o 

I 
u 
I 

00 
vO 

I 
u-> 
en 
vO s 

0) 

I 
4J 

s 
I 

i 

(U 
4J 

(VJ 

a; 
u 
c 
(U 
3 

j 
(0 

s 

«1 

^5 

^ 

£ 

01 

4J 
3 
di 
oo 

«a 

o 
4J 

IT 
r— 

-a- 
O 

1 

m 
(0 
D 

I 

§. 

0) a 
oc 3 
ed 

Ej vO 

ON 
in 
iH 

o 1 
m 

0) 

§. 

0) 
N 

M 

c 
•H 

3 

(U 
J2 

o 

s 

(VJ a- 

I 

0) 

0 

3 3 
o 

o n 

I     J 

o 

a. 

^J 

CTs 

" 4J 01 c 
s g •H 

0) o •^ 1 
a 0 u v- 

fr 1 4J 
C 0) 

0) <u 0 R > 4J CJ ca 
•rl •H •H 
01 ■-I ■o Q 
O 0 c 
i-l 0 3 <u 
a e 0 i-t 

£ 2 j £ 

c 
o 
«1 
o 

r-i 
a 
x 
M 

Id 

C 
o 

•H 
01 
o 

r-l 
a 
u 

b 
o 

m 

o 

o 

«8 
r-l 
O 

PH 

a 
ä 
u 

a. 

& 
&      •• 
U M 
O 4J 
« (3 

-s   § 
01 
E 
3 

O oi 
4J     a I * 

i 
in       w 

ITN 

I 
5« 

0) 

a 

u 
01 

« 
u 
o 

ON 

1 
X 

ft 
■rl 
a 

u 
<u 
u 
<fl 
u 
u 

u 
01 

01 
C 
<d 

X 
I 

X 

u 
<u u 
« 
M 
U 

o 
t-H o ^ 

ON o • 

00 o 
1 

f". o 
'S 

1 

ve o V 
m o 

1 

sJ o 
1 

m o "f 
tsi o 

s 
1 

r-l o 
s 

1 

O o 
ITN 
f— • 

i-H o 
10 
rH 

CN o lO 

PI o h- 

Vf o 9 

m c OS 

vO o so 

i^ o f\J 

00 o o 

ON o o 

o 
1—* 

o o 

«1 
3 

•H   4J a 
u 

] J 

o z 

4J 
3 
o 

I 

u 
a 

01 
4J 
IB 
E 
u 

NO 

0) 
3 
H   U 

•o 0» 

to 
so 

ITS 

ITN 

Nß 

lO 

oo 

(M 

IP« 

VO 

vD 

u a. 
JL 

f 
01 

13 

§ 
O 
C 
60 

(0 
c 

■H 
M 

•H 
l-l 
o 

I 
o 

« 

c 
3 
O 
E 

14-1 
o 

c 
o 

o 
IM 

01 
01 

■u 
n) 
o 

•r-l 
-a 
c 

•H 

0) 
c 

X 
I 

X 

u 
o 

U-l 

c 
o 

•H 
01 
c 

I 
01 
3 

01 

E 

«2 

33 

CONFIDENTIAL 

  



CONFIDENTIAL 

< 

at P 

m 
QQ 

9 S 

H 

p 
U 

a 
tu 
H 

3 
< 

I 

(VJ 
i 

« 4J 

«     o 

60 
c 

■l-l 
u 
tj 

u 
o 
o 
o 

I 
o 

I 
00 
vO 

l 
■/I 
c-i 

8 

p 

a 

u 

NO 

0) 
a 
c 
0) 
3 

I 
»1 

s 

I 
0 

^ 

CO 

^3 

ai 
60 
l-i 
<0 

1 s 

o 

& 

T3 
<u 
m 
P 

§. 

& 
<u 
N 

CO 

a» a 
60 5 
Ö VD 

i 
ON 
m 

O r-l 

r- ül 
f» 1 •» 

4J 

•o 
01 

I * 
u 
U t) 

01 
N 

U 
0 
4J 
<d 
c 
o 0) 

0) 0) 
> 4J 

o 

(VJ 

Ä 

D 
O 

CO 

c 

(U 

td 

s 

IT 

C 

T3 
C 
O 
o 
•a 
c 
O i 

u I 
o 

u 
o 
4J 

4J 
a 

u 
u 

1 
Q 

a 

G 
O 

•H 
1/1 
o 
PL 

u 
(U 
4J 

< 

c 
o 
•rl « 
o 

o 
u 
CD 

o 

C 
o 
•H 
(0 o 

1-1 a 

M 
0) 
4J 
U-l < 

•H 
(0 
O 

a 11 
0) 
E 
o 

u-i 

<3J    % 

o 

VA3 

QJ i^ 
in a. 01 
O X 1 
2 fl 

i-H ■ E 
O E 
4J 0 IN 

4J 1 >- 
a •* 
^ • • M 

<u 
0 4J 

r-l 
4J 
0 E 

S £ •H 

01 
4J 
(S 
u 
u 

G 

x ■ 
X 

u 
01 

c 
0) 

X 
I 

X 

4= •-" 

4J 

o 

u 
01 

o o 
l-l o o »-I o o 

o\ o o ON o o 

ao o o 00 o o 

r>» o 00 r^ o CO 

IT« 
vO CVJ • vO H .* 

U1 <M CO m rH OS 

IT» 
«* CO d «* (\J 1— 

PI ro 00 5 
o 

ro PO vO 

i/> ■ 
CM J* 

rn 

1 

CM m ir> 

i-( ^t (VJ :-* .* (VI 

O .* av 

'1 

o J* (TV 

ir> 
h- 

l-H ^f 
H 

J= 

J»- o 

CM m 00 CM 
-*■ to 

3 
0 

CO ITN n (\i CTN m J* • 
(VJ 

i 
■d- <VJ (0 ^t ro (VJ ■H 

i m iH VO m (VI 

lO • 

»o o 
| 

vO (VJ o 

u to ir> 
(VJ i— 1» 

r^ n !>. rH • 1 
lO 

• • 
(VJ 1 

0) 
ao o H g oo Ü o s 

■H • 
ON o O 

1 
ON O o • 

o o o M o Ü o 
i-i 

B 
a 

l-H 

1 a 

4J e 1 ■u c 
«4-1 T4 vu •H • * 

n M CO ■ • • ki 05 • • ^ 
3 £ at 3 X E 

•H    U B fi ■H   4J O nj 
■d oi a ■ •O    0J a g ii <s E 

ü AA 1 <S 

34 

CONFIDENTIAL 



t 
CONFIDENTIAL 

i 

o 
H 
i—i s 

■e 
LU 
CQ 2 

UJ 

to 

f- 

B 
(9 

£ 

3 
OQ 

3 
■u 
01 

M3 
^a 

CM OJ 

(4 
■o • ITN 

(11 EC • 
m • 
U oc 

• 

■   ^8 

«>     a 
ai 
H 
60 
c 

•1-1 
h 
ai 
w 
c« 
B 
u 
o 
ro 
O 
O 

I 
o 
00 
vO 

I 
u-> 
ro 
vO 

8 
<u 
o 
c 
(U 
3 

j 

A 

S 
<u 

o > 

s 
(U 
N 

■ O. 

h 3 
Cfl 

6 o < 
o> 

H i-i • 
H 
fV 1 

■ 

en 

OJ 
DO 

6 

I 

|    SI 
id       -H 

O 

(a       a 

T3 
41 
(0 

o 

01 

o 

o 

(U 

c 

3 
o 

rH 

CO 

c 

• ■ 

4J 

f 

to 

§ 

g 

c 
3 
o 
u 
-i 

u 

o u 

(0 
o 

o 

a 

(U 
I-I 
o 
X 

VD 

o 

a 

ON 

O 
(U 

r-i 

c 
o 

•H 

o 
a 
u 
h 
HI 

C 
o 
in 
O 

u 
o 
<u 

PC 

o 

o 
1-1 

o 
Oi 

c 
o 

•H 

o 
i-H 
a 
ä 
u 

c 
o 
•-I 
(0 
O 

1-1 
a 
ä 
4) 
kl 
O 

«4-1 

o 
4J 
o 

iri 

c 

■ 

I-I 
ai 
4J 

1 
u 
01 
4J 
ID 
l-( u 

en 

01 
c « •• 
i-i <u 
Pi c 

« 
X 1-1 

1 PK 
X 

X 
Ä I 

H M 
0) 
4J ■ 

1 5 
n) a 
Q £ 
1J H 
0) 01 
u 4J 
ca «9 
«J E 
U o 

o o 
1-1 o o 1-t o o 

o\ o o o\ o o 

ir> 
on Ü Ü oo o • 

H 
r^ o o r^ Ü rH 

vO H CM vO iH no 

m rvj o m CVJ J* 

ir\ «» cvj St (VJ O 

iH 
CO (\j r-t s 

o 

en CO o 

■ 
«s CVJ CTN CM m PO 

i-H m ir> i-H CO PO 

a^ ITN • 
o m ON o oo OS 

ir> 
1—1 oo so 

r-l CO t^- 

r-l 
CM C\J •-1 B 

3 
O 

CM f>0 r- 

CO 
CO (\j O cn PO ^o 

ir< 
<t <\j • st M M) 

H 
IT» <VJ o tri H H 

\0 o ir> o i-H (M 

r~ H o 

• • 

r^ O O 

00 o 
H 

1 
cd 

oo o O 

A4 

ON o ir> 
1 

m 

0> o O 

o o o o o O 
I-H 

D p-l 

• • 
4J c Si 4-1 c 
M-l •H UJ •■H • • • ■ 01 ■ •* u ■ • • .* 

3 M V 3    i J) B 
•»4   U 0 ft •H   U B 1 •a o) CL ft •v at a 

fijS 1 a ij 1 s 
35 

CONFIDENTIAL 

k_ 



CONFIDENTIAL 

< 

<u 
IV 

4J 

58 

I 
0) 
3 
tr 

(0 

SO 

CO 
n 

(U 
60 
E 

(IN 

d 

(0 
J3 

M) E 
CO 

6 

o u 
«I 
m 

I 
■p 

a 
at      H 

0) 
o 

s 

s 
0) 

5 

S 

N 

CO 

Wl 
o 

s 
BL; 

^ 

I 

3 
O 

I 
CO 

(U 
£ u 

CO 

f 

(0 

§ 

g 0 
»9      "9 

CO i a o 

m 

> 
I   .3 

01 
10 I 

4J a 

o 

o 
o 

a> 

a 
0) 

i-H 

c 
o 

•l-l 
m 
o 

1-1 

a. 
x 
w 
h 
m 

IM 
< 

c 
o 
«) 
o 

i-H 
a x 
M 

at 
C 
o 

o 
4J 
o I 

•o 
•H 
o 
l-l 
CO 
l-l 

o 

§ 

O 

l-i 
(U 

4J 
a 

IW 
•< 

<s 

e 
0 

VX5 •H 
rH to 

O H i-l 
a 

ai 

o 
«4-1 

o 

IT» 
PI 

i I 

vu 

c 
CO 

a. 

l-l 
ai 

01 
4J 
CO 
l-i 
U 

cfl 

<u 
c 
CO 

X 
I 

X 
M 

|4 
V 

u 
4J 
CO 
u 
u 

01 
c 
CO 

X 
I 

X 

u 
01 
4J 
CO 

u 

CTv 

oo 

CO 
3 

1-1 
■o oi 
«   01 

fvj 

(M 

CVJ 

OJ 

MD 

(V 

ON 

ON 

ITN 

ro 

(VI 

OJ 

<\l 

CVJ 

OJ 

vo 

ITN 

NO 

a 

u 

3 
o 

CO 

0) 
c 
CO 

4J 
a 

u 
0) 
u 
CO 
E 
u 

o 
1—1 o o 

a< o o 

00 o o 

r^ o o 

vo o vi; 

m •-i • 

sf H QC 

ro H 9 
CM (VJ 

o 
H 

i-( H CT^ 

O m ITN 

i-l CO O 

CNI CVJ l~- 

f) PO en 

•* (VJ NO 

m (VI CO 

vO H N£j 

1». H H 

00 o r— 

y> o o 

o 
f-i 

o o 

[R
ad

iu
s,

 
fe

e
t 

4J 
IM 

i 
4J 
Q J 

• 
c 

(0 

IJ 

<s 

36 

CONFIDENTIAL 



58 

tu 
ca I 

to 
H 
m 
m 
H 

z 
I—I 
oi 
Ui 
H 

tu 

□a 

3 

M 4J 

iS 

I 
M 
01 
w 
« 
N 
O 

o 
CO 
O 
o 

z 

00 

I 
in 

vo I 
3 

I 

41 
o 
c 
a> 
3 

i 

is 

U) 
ja 

<u 
E 

6 

1 
o 

■P 
•H 

s   t 

CONFIDENTIAL 

<u 
M 
D 

S 

S 

II o. 
M E .3 i 
fl vO | 

ON 
in 

oc i-i 

o 
W 1 

3 
O 

c 
3 

CO 

j   5 

X) 

Ifl 
p 

s 

N 

u 
I« 

LPl 

H       I-I 

•H 
b 

0 

X | I 
£ 

4J 

u 

a 

■H 

as 

u 
4) 

c 
o 

u 
"4-1 

c 
o 

1-1 
o 

o 

o 
u 

o 
(X, 

§ 
• (0 
•     o 

M 
(U 

c 
o 

•l-t 
U] 
o 
I-I 
a. 
X 
w 
<u 
IJ 
o 

M-l 

0) fH a "O 4J o 
rH a | 4J 
c, ■ «u 0 fi o g > 4J o « £ tJ •H «4 •H 

01 i-i 73 o 
0 O s E 

4J 1-1 4J 3 <u fc 
01 X a O 1-1 

Ö ä P4 i 5 in 

ä   i 

01 
c 

i-H 

0) 
4J 

1 
M 
4) 
4-1 
C9 
I-i 
U 

0) 
c 
cd 

X 
i 

X 

u 
4-1 

1 
01 

4-1 

« 
14 
o 

37 

ca 

2 

X 
i 

X 

4J 
a 

u 
01 
4J 
CO 

u 

o> 

vO 

c» 

01 
3 
'H    4J 
■a  «i 

ai 

f\J 

0J 

0J 

lO 

LO 

ON 

(M 

oc 

CJ 

lO 

ON 

oc 

CVJ 

on 

-u    e 

A. 

CONFIDENTIAL 

u 

3 
O 
w 

01 
c 

J: 
4-1 
a 

h 
01 
4J 
CO 
l-i 

u 

vO 

3 
H    4J 
•a ai 

(V-I       (VJ 

OJ 

rn 

oc 

^ 

LTN 

ITN 

ON 

(VI 

ITN 

od 

-3" 

OJ 

^J 

«1 

I-i 

ä 

--■* 



CONFIDENTIAL 

SECTION VII 

PROCESSING AND LOADING 

(C)  The ingredients of the explosive were mixed in a vertical mixer with 
a single bladed planetary mixing am and heated bowl (l8o - 200oF.) 
Immediately after mixing the mixture was evacuated to remove entrapped 
gases.    The resulting slurry-like mixture did not pour freely but had ade- 
quate fluidity to confonn to the  contour of the vessel into which it was 
poured.    The AeReCo ^59"23 wa8 noticeably more viscous than the AeReCo kfj. 
Precaution is required in processing the ingredients to assure that they 
are well dried and that the cast mixture is moisture free as the urethane 
reacts with moisture to form carbon dioxide that can cause porosity.    A-'r 
which contacts the mixture during and after casting must contain less than 
approximately kO grains of moisture per pound of dry air.     Also,  surfaces 
and subsurfaces of vessels into which the explosx re is cast must be moisture 
free.    The mixture begins to set in approximately twenty minutes after mixing 
and cures hard at 200oF in approximately sixteen hours.     Three to ten days 
are required for curing at ambient temperatures.    Eight BLü-31 bomiis were 
loaded under the contract cited in the foreword and samples were cast in 
cylinders for crater testing.     In all formulations MIL A 512-A, Type III, 
grade F,  class 7 aluminum powder and type B, class A RDX were used. 

(C)  The BLU-31  cases which are more than 6 feet long and 1   foot in diameter 
presented a filling problem in that there was no access for consolidating the 
cast mixture by hand making it necessary to depend on its fluidity and gravity. 
Four of the bomb cases ^ere coated with binder which was allowed to cure before 
filling with explosive and four were uncoated.     There were four filled with 
AeReCo U75 (two each coated) and four with AeReCo 459-23 (two each coated). 
In order to evaluate pouring and consolidation prior to filling the bomb cases, 
mixtures using salt as a substitute for RDX were made and poured into a 6 inch 
diameter methacrylate tube to simulate pouring conditions.    The bomb case has 
a threaded fuse well in the loading port (also threaded)  which necessitated 
making a special loading fixture with a center hub to hold the fuse well in 
place and to pour around it.    It was found in loading the test mixture that 
vacuum pouring was necessary.    Therefore,  the loading fixture was modified 
to provide continuous evacuation during pouring.    The filled bombs were kept 
at l80oF to 200oF during and after filling to assure adequate fluidity to 
consolidate the explosive and to speed curing.    After filling the bombs, 
the explosive was capped with neat binder.    The quantity of binder required 
to cap the AeReCo ^59-23 filled bombs as well as visual inspection indicated 
that the explosive in curing had shrunk away from the walls near the filling 
port.    Ihis did not appear to occur with the AeReCo kf}.    Evacuation of the 
filled bomb and filling with binder the space left by shrinkage may be superior 
to precoating with binder.    X-Ray photographs of the bombs indicate that 
lengthwise shrinkage of AeReCo 1t59"23 occurred which probably caused tu-» 
Pulling away from the inside of the cone shaped nose.    The parting lir s made 
by filling with successive batches were discemable on the X-Ray photographs 
along with some voids in the AeReCo 1t59-23. 
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(C) Where the opening is unobstructed,  it is possible to load easily without 
evacuating.    Ihe primary precaution required in loading the cardboard 
cylinders was that they be coated on the inside with the binder before 
filling to prevent moisture in the paper from penetrating tne mixture after 
casting.    In thin layers,  carbon dioxide that forms, escapes the surface 
without detriment thus allowing coating without difficulty. 

(U) Based upon the experience in processing and loading to date,  this appears 
to be the area with the greatest number of unknowns.    There is litt2e question 
that the explosive can be produced by batch process.    However,  there is good 
reason to believe  that a continuous mixing process will be far more economical 
and safer.    Ihe cost could thus be well below $1.00 per pound as the present 
market price of the ingredients is approximately $0.53 Per Pound. 
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SECTION VIII 

DISCUSSION AND RECOMMENDATIONS 

(C)    The results of the AeReCo explosives evaluation show that in all of the 
tests performed it is stable under extremes of environment, high impact, and 
burning.    The aluminized version, AeReCo ^59"23 equals tritonal in the 
cratering tests performed.    The following are its most significant features: 

1. It will withstand 350oF for at least one hour in air at 1^.7 psia 
and 300oF for eight hours. 

2. It has excellent storability and is not affected by moisture at any 
climatic temperature. 

3. It equals tritonal in cratering capability in the tests performed. 
Additional tests are recommended. 

k.    It has promise of being economical to process (average cost of 
ingredients is approximately 53 cents per pound.) 

3.    Processing and loading techniques should be improved and it is 
recommended that a continuous mixing process be evaluated. 
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APPENDIX I 

THERMAL STABILITY OF AeReCo 459-23 

J. M. Pakulah, Jr. 

U.S. Naval Ordnance Test Station 

China Lake, California 93555 
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U.  S.  NAVAL OROJANCE TEST STATION 

CHINA LAKE,  CALIFORNIA 93555 '♦532/JMP:mve 
Reg. ^sa-so 
27 March 1967 

MEMORANDUM CONFIDENTIAL 

From:    J. M. Pakulak, Jr., Themal Analysis Branch (Code 4532) 
To:        Head, Explosives Research Branch (Code kjkl) 
Via:      Head, Themal Analysis Branch (Code 4532) 

Subj:     Themal Stability of AeReCo-459-23 Explosive (U) 
RDX 59 /Al 23 / Binder 10 

Ref:       (a) Memo lt532/JMP:mve Reg I1532-18 of 2 Mar 1967 (CONFIDENTIAL) 

End:     (l) Table 1.    Themal Stability of AeReCo-459-23 Explosive (CONFIDENTIAL) 
(2) Fig. Nos.  1 through 6.    DTA Biemal Patterns of AeReCo-1159-23 

Explosive (CONFIEENTIAL) 
(3) Fig. No.  7.    Plot of DTA Data for AeReCo-U59-23 Explosive (CONFIEENTIAL) 
(k) Fig.  Nos. 8 through l6.     Deflagration Times at Selected Temperatures 

for AeReCo-459-23 Explosive in Al TUhe Ovens  (CONFIDENTIAL) 
(5) Fig. No. 17.    Plot of Deflagration Time Versus Oven Temperature for 

AeReCo-459-23 and H-6 Explosives (CONFIDENTIAL) 

1. This is a progress report on samples of AeReCo-459"23 explosive received from 
Code k'jkl for themal analysis.    Each sample was 3'375 inches in diameter and 
about 2 inches long.    The method of themal analysis is covered in reference (a). 
For this report, no themogravlmetrie analysis was performed nor isothemal tests 
on the 3.375-inch diameter samples in air-type ovens.    Three isothemal tests 
were performed on 2-inch cubes in air-type ovens and the data given in enclosure (l). 

2. A summary of the DTA data on AeReCo-459-23 explosive is given in enclosure (1). 
The thermal patterns are shown in enclosure (2).    The thermal patterns showed one 
exothemic peak in the temperature range of 204-223OC for heating rates of 1 to 
50C per minute.    A shallow endotherm occurs about when the exotherm starts and 
continues until about a quarter way or less through exotherm.    This endothermic 
action is believed to be caused by the melting of the RDX present in the explosive. 
The activation energy was determined by the variable heating rate method and had a 
value of 37.8 kcal per mole (enclosure (3)).    The log frequency factor was lh,k^2. 
This is a lower value for the activation energy than normally expected for the 
decomposition of RDX.    The critical temperature was predicted from the DTA data 
using equation (3) of reference (a).    Other data used were: 

6.2.00 

p = 1.7g per cm3 (estimated) 

a = 1*.29 cm (3.375 in. dia.) 

R = I.987 cal per mole - K 

X ■ 0.00055 cal per cm-sec-0C (see test) 

c = 0.3 cal per gram (estimated) 
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4532/JMP:mve 
Reg. ^532-20 
27 March 1967 

SubJ:    Themal Stability of AeReCo-l|59-23 f^plosive (U) 

The value for \ was derived from the themal diffusivity (a) measured from the 
explosive grains in the aluminum tube ovens using equation (7)  in reference (a). 
The values of at determined at different temperatures and tests are given in 
enclosure (l) and an average value was 0.00108 cm   per sec.    This data yielded 
a value of 130oC for the predicted critical temperature of a 3.37l5-inch in 
dismeter grain. 

3.    Twelve samples of AeReCo-U59-23 explosive were tested in an aluminum sleeve- 
type oven.    The samples were 3*375 inches in dismeter and about 2 inches long. 
Two samples were used in each isothermal test so that the overall length was 
about four inches.    Thermocouples were placed at the center between the samples, 
at the surface and in the aluminum sleeve reached the selected temperature.    The 
six selected temperatures were ikG.l,  153-9, 162.8, iSk.k,  173.9 and 177.20C 
and the time-to-deflagration after the aluminum sleeve had come up to temperature 
were 7.7, 4.3, 2.5, 2.5, 1.2 and I.35 hours respectively.    The individual 
deflagration tests are shown in enclosure {k) and the data given in enclosure (l). 
A plot of log time versus oven temperature is shown in enclosure (3) and is used 
in calculating the experimental critical temperature.    In calculating the critical 
temperature, equations (5) and (6) were used from reference (a).    The value of 
the activation energy for equation (6) was taken from the DTA study.    The exper- 
imental value of a was used to calculate the reduced time in equation (3).    The 
experimental critical temperature so detemined was 1^0C.    This is about 15 C 
higher than that predicted by the DTA data on AeReCo-459-23 explosive.    The 
second DTA exothenn from the H-6 explosive predicted a critical temperature of 
l$ltC for this sample diameter which is 90C higher than the experimental value. 
■Hie second DTA exothem in the H-6 explosive is believed to be caused by the 
decomposition of the RDX present.    Although the H-6 explosive has a higher 
experimental critical temperature for a given size than the AeReCo-459-23 
explosive,   the actual time-to-deflagration was longer at the higher temperature 
(1700C region)  for AeReCo-H59-23 than the H-6 explosive.    This may be explained 
by the fact that the H-6 explosive is in a liquid state during the time of the 
deflagration 'study whereas the AeReCo-1+59-23 explosive is not and that the 
AeReCo-1t59-2j explosive has a lower activation energy value.    This fact is 
shown in enclosure (5) where H-6 deflagration data from reference (a) is 
included for a comparison with the AeReCo-459-23 deflagration data. 

4.    The AeRäCo-459-23 explosive Just barely passed the one hour test at 1770C 
(350oF) whereas the H-6 explosive did not.    The reasons for the differences in 
thermal stability is mentioned above and shown in enclosure (5).    The next series 
of scheduled tests are for the Tritonal explosive followed by tests for RDX only. 

JACK M.  PAKULAK, JR. 

Copy to: 

is kyil (Falteman, Stanton, Stott) 
5052 (Ayres) 43 
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TABLE 1.    THERMAL STABILITY OF AeReCo"Vi9-23 EXPiOSIVE 

(A)    DTA Data 

Test No. 

5-22-6 
5-13-5 
5-23-1 
5-23-3 
5-23-5 
5-26-1 

^C/Mln. 

I.03 
l.CW 
2.06 
3.27 
5.11 
5.17 

Exo. Peak Wt. 
0C H 

204.4 19-5 
202.8 33.7 
212.2 21.4 
217.8 20.0 
221.1 19.2 
223-3 22.8 

(B)    Chemical and Physical Data 

Density = 1.7g per car (estimated) 

Heat of Reaction ■ 300 cal per g (estimated) 

Shape factor =2.00 

Gas constant ■ I.987 cal per mole-*^ 

Thennal conductivity = 0.0005 cal per an-sec-0C 

(C)    Predicted Critical Temperature (DTA) 

Size Temperature 
(inches) 

1 

0C 

1?3 
140 2 

5 123 

(D)    Deflagration Data 

Diameter Itemperature Time-to-Deflagration Oven 
(inches) (0C) at temp,    (hours) 

23. 

•type 

2-in.  cube 120 Air 
2-ln.  cube 151 9-5 Air 
2-in.  cube 175 2.1 Air 
3-375 146.1 7.7 Aluminum 
3-375 m M Aluminum 

3-375 2.5 Aluminum 

3.375 164.4 2.5 Aluminum 

3.375 173.9 1.2 AJuminum 

3-375 177.2 
CONFIDENTIAL 

Aluminum 

♦No deflagration occurred in 23 hours after which the temperature was raised to 
about 2040C to teminate the test. 

Enclosure (1) 
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AeReCo 
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k- 
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2- 

-f 
io H 

9 - 
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2H 

10 -6 

DTA PEvUC #1 
I  = 37.8 K CAL/MDLE 
A  -.2.7 x 1014 SBC"1 

2.1 2,2 x 10-3/^ 

CONFIDENTIAL 
J  

1.7 1.8 1.9 2.0 

Figure 7  - Plot of DTA for AeReCo 459-23 explosive,  enclosure  (3). 
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2.0 2.1 

An   m AeReCo      6j K Mov . i, 1966 

JB - 
2"   CUBE 

2^.0 AIR #1,21 

Cook of^ "^"^  m CONTROLLKR SET       j 
AT lt00OF /VFTER 

20-^ 23 HOURS 

i(H 

'A 

5- l 
i»- 

| 

3" . 
VcONFIDENTIAL   1 

2 - 
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AIR                                     X'1»21 

1 - 1 1                        1 1                        1         1              1           \        1 
2.2 ,     2.3 2.1» 

■•■/T x 10" J 
1.5 2.6 

Figure 8  -  Deflagration times at  selected temperatures for AeReCo 
459-23 explosive  in aluminum tube ovens,  enclosure  (4). 
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AeReCo 
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 IfcA 
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§5 - 

4 - 

3 - 

2  - 

1   " 

I« 

Nov. 3, 1^66 

2"  x 2"  CUBE 
OVEN lEMP.   304oF (151 C) 

9 
OJ 

CONFIDENTIAL 
01 

2.1 2.2 2.3 2.4 2-5 2.6 2.7 x 10"3/0K 

Figure 9 Deflagration times at selected temperatures  for AeReCo 
459-23 explosive in aluminum tube ovens,  enclosure  (4). 
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Oct.  28r  1Q^ 
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Cook off 

2.0 2.1 

2" x 2" CUBS 
OVEN TEMP. 350OF 

2.5 

CONFIDENTIAL 

2.6 x 10" V"* 

Figure 10 - Deflagration times at selected temperatures tor AeReCo 
459-23 explosive in aluminum tube ovens, enclosure (4). 
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AeReCo 

Cook off 

3 March 67 

O #6 BLOCK 
#3 SKIN 

3 3/Ö" x 2"  ÜOLID CYL.(2 0RAIN3) 
OVKN TCMP.   il»60C 

2.1 2.2 2.3 2.4 2.5 
VT x IO'V

0
* 

2.6 2.7 

Figure  11  -  Deflagration times at  selected  temperatures  for AeReCo 
459-23 explosive  in aluminum tube ovens,  enclosure  (4). 
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AeReCo 6  March  1967 

2.8 

Deflagration  times at selected  temperatures  for AeReCo 
459-23 explosive in aluminum tube ovens,  enclosure  (4). 
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AeteCo 7  March 1967 
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WEN TEMP.      162.80C 

CONFIDENTIAL 

2.4 2.5 
1/T x  10-3/oK 

2.8 

Figure  13  - Deflagration times at  selected temperatures  for AeReCo 
459-23 explosive In aluminum tube ovens,  enclosure   (4). 
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AeReCo 3 March  1967 

2.8 

Figure  14 - Deflagration times at selected temperatures  for 
AeReCo 459-23 explosive in aluminum tube ovens. 

Enclosure  (4) 
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Figure 15 - Deflagration times at selected temperatures for AeReCo 
459-23 explosive in aluminum tube ovens, enclosure (4). 
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AeReCo 9 March 1967 
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Figure  16 -  Deflagration  times at selected temperatures  for AeReCo 
459-23 explosive in aluminum tube ovens,  enclosure  (4). 
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Figure 17 - Plot of deflagration time versus oven temperature 
for AeReCo 459-23 and H-6 explosives, enclosure (5). 
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THE THERMAL EVALUATIOM OF SOME AEROSPACE RESEARCH CORPORATION EXPLOSIVES» 

D.  L.  Seaton and A. J. Pane 

University of California, Lawrence Radiation Laboratory 

Liveraore, California 

Three Aerospace Research Corporation explosive fomulations were submitted 
to LRL for small scale thermal testing. These materials, designated as ^59-23, 
475» and 465-10 are based on HDX, with a Polyurethane binder. 

Each of these formulations was subjected to the LRL chemical reactivity 
test and differential thermal analysis.    In addition, 459-23 and 475 were 

examined microscopically on the Koefler hot stage. 

Chemical Reactivity Ifest 
In the test a 0.25 g sample, confined in a stainless steel reaction vessel, 

under approximately 2 atm pressure of He, is heated for 22 hrs. at 120 C.    The 
products are analyzed chromatographically to give both a qualitative as well as 
quantitative measure of the decomposition products.    Tne results of this test 
are given in Table 1. 

TABLE 1 

Temp. 
Wt.(g)      0C 

Time 
Hrs. 

Volume (cc STP) 

Explosive N2 + 02 NO + CO NgO co2 Total 

459-23 O.2508      120 22 0.005 0.003 0.010 0.013 0.031 

459-23 0.2499      120 22 0.008 o.oo4 0.010 0.013 0.035 

465-10 0.2514      120 22 0.010 0.009 0.018 0.022 O.O59 

465-10 0.2500      120 22 0.010 0.006 0.019 0.024 O.O59 

^T5 0.2500      120 22 0.009 0.006 0.013 0.013 o.o4i 

PBX-9010a 0.2498      120 22 0.007 0.001 0.009 0.003 0.020 
aPBX-9010 is 90/10 RDX/Kel F 

* This report was prepared as a part of a cooperative effort between the LRL 
and the AFSC. The details of the agreement and areas of responsibility are 
contained in correspondence between General B. A. Schriever, Air Force Systems 
Command, and John S. Foster, Jr., Director, Lawrence Radiation Laboratory. 
1) Letter: John S. Foster, Jr., to General B. A. Schriever; Proposed for LRL 

and AFSC cooperation in certain research and technological developments; 
May 25, I965. 

2) Letter: General B. A. Schriever to John S. Foster, Jr.; Acceptance of 
proposal 1; June 30, 1965- 
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Differential Thennal Analysis 
nie DTA curves for these three formulations were generated using NaCl as the 

reference material and a programmed temperature rise of ll0C/min.    Copies of the 
OTA records are attached.    None of the materials show any   unusual  behavior.    The 
endothenn at ca 2000C is the melting endotherm of RDX.    The drii'ting base line is 
a characteristic of the instrument and not the explosive. 

Koefler Hot Stage Observations 
Two of these formulations, kfj and USQ-23> were observed on a hot stage 

microscope as the temperature was raised U6C/min up to the melting point. 
Sublimation was observed at ca r>0oC, as is expected for RDX.    Melting, with 
subsequent rapid decomposition, occurs at ca 200 C. 

Drop Weight Impact Sensitivity 
Drop weight impact sensitivities were run on the LRL machine using a 5 

kiloweight and Type 12 tools with sandpaper.    The results are given in Table 2. 

TABLE 2 

Explosive HCQ cm 

HMX Standard 19.5 0.05 

I459-23 43.8 0.05 

»»65-10 54 0.05 

475 56.I 0.06 

Conclusions 
The only test still to be run on these materials is the Henkln or time 

to explosion test.    Unless the times to explosion are greatly reduced, as 
compared to RDX,  the results will not be reported formally. 

As expected, from our experience with similar materials, these formulations 
appear to be quite stable, and there should be no problem with stockpile storage 
life.    Larger scale tests, however, would be required to decide whether or not 
they could safely meet the high temperature requirements of the Air Force. 

Acknowledgment 
We wish to thank Mr. E. Ellison for carrying out the impact sensitivity 

tests. 
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APPENDIX III 

RESULTS OF BINDER VACUUM THERMAL STABILITY TESTS 

by 

U.S.  Naval Ordnance Laboratory 

Silver Spring , Maryland 
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U.S. NAVAL  ORDNANCE   LABORATORY 
WHITE   OAK 

SILVER   SPRING.   MARYLAND 't&tmfto* 

10330 
Ser 6346 

from» Commander, U. S. Naval Ordnance Laboratory, White Oak 
Tot   Director, Air Force Armament Laboratory (AFSC) 

Iglln Air force Base, Florida 32542 
Nr. Kyaelka, ATMR 

Subjt Thermal Stability of Xsploalve Binders 

1, At your request we have tested two binder materials 
submitted by the Aerospace Research Corporation for 
vacuum stability. Samples 400A and 400B evolved 1.9 
and 0.4 ml gas/g/48 hrs at 130°C respectively. 

2. By our criteria both binders were considered to have 
passed this test satisfactorily. 

S. F. SCHREITBl 

Copy tot 
Aerospace Research Corp. 
5434 Jae Valley Rd. 
Roanoke, Va.« 24014 
(Mr. J. T. Hamrlck) 

B. B. WITB 
By direction 
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APPENDIX IV 

RESULTS OF HAZARD CLASSIFICATION TESTS 

Tests were performed on AeReCo ^59-23 and 1»75 to determine the hazard 
classificatior for handling and shipping.    Results of tests by both the 
Bureau of Explosives and Aerospace Research Corporation are Included in this 
appendix.    Drop weight impact sensitivity tests were not performed by either 
but, were performed by I-awrence Radiation Laboratory and the results are 
reported in Appendix II of this report. 

Both explosl 'es have been classed as Class B explosives for shipment 
under Department of Transportation regulations. 

i 
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BUREAU  OF  EXPLOSIVES 
ASBOeiATION OF  AMIRICAN  RAILROAD« 

REPORT FROM CHEMICAL 
LABORATORY 

T. »".. »BORO«. OimOTO« AND CHIBF  INtPfCTO« 

C   W.  »CHULTX. CMIIF CHIMKT 

FILE NUMRIR 

LABORATORY NUMHR 
.60166...  

EDISON. N. J., iftlly it|   ■ 196   8 

Fropellant Explosive(oolld),  Cless L 

Ao Re Co ^59-23 

ASROSPACS RESEAHCII CORPORATIOII 

Samples of • rnoterlal identified as Ae Re Co li-!/S-23 
were received froa ^ero.space Reser.rcli Corporation of RoonokGf 
Virginia. 

Tlie aeterial MP.2 a dense• li,;at gray lolifS nald to 
contyin ^9/-' R^Cf £3/^ alwiinun pouarr and a ryntac.tic rubber 
binder. 

A two inch cube was stable when maintained at 7?*C 
for ^3 hours« 

if.ion a two inch cube was initiated with a nunbtr 8 
electric blasting cap it did not axplode or ignite«    'fhis 
test was repeated with the sane result. 

Several two inch cubes were placed in contact With 
each other on n bod of keroaene-soaUed sawdust which was ig- 
nited.    When the fire reached the sar.plcs they did not rc-olly 
burn but appeared to carbonize and doconpose. 

Ilaterial represented by these samples is properly 
described'si's Propellant Explosive(Solid), Class B and classed 
as Class-3 Explosive under the DOT Regulations. 

C.W.  Schultz 

(JAD) 
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BuREAxr OF EXPLOSIVES 
ASSOCIATION OP  AMIRICAN  RAILROADS 

REPORT FROM CHEMICAL 
LABORATORY 

T. C. MOROt. DmtCTO« AND CHICr INSPKCTOR 

C. W. SCHULTZ. CMICP CNIMItT 

15-I»f5 
PlLI NUMBSR  

LABORATORY NUMBKR V.Q.l&J.. 

EDISON. N. J.. daZJU 196   8 

Propdllant Explosive (Solid),  Class B 

Ae Re Go W 

AEROSPACE RESEARCH CORPORATION 

Samples of a material identified as Ae Re Co ^75 were 
received from Aerospoce Research Corporation of Roanoke, 
Virginia. 

The material was a dense white  solid said to contain 
75/j RSK in a  synthetic rubber binder. 

A two inch cube was- stable when maintained at 7^0C 
for kB hours. 

When a two inch cube was initiated with a number 3 
electric blasting cap it did not explode, ignite or break apart. 
This test was repeated with the same results  except that about 
half the cube was blown away by the cap. 

Several two inch cubes were placed in contact with 
each other on a bed of kerosene=soaked sawdust which was ig- 
nited.    When the fire reached the samples they did not really 
burn but appeared to carbonize and decompose. 

Material represented by these samples is properly 
described as Propellant Explosive(Solid), Class 3 and classed 
as Class B Explosives under the DOT Regulations. 

C.W.  Schultz 

(JAD) 
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Date Miy 23, 19$9 
SponaorinK ARcncy      DlMtrtwnt Of th« Air fOW APCC,   AF8C,   tglitl  AFB, Flfc, 

Contract No.      AT HOafoS-fifl-C-QOjQ  

Propellant Identity (Type No.)     ATOWC» Rt—arch  COIT« 

Propellant Spec.     lot »V»ll>bl» Batch       

Mf». Date 5-20-68  

AaRaCo kl5 

Ho. 1 

Detonation Test 

No. 8 Blasting Cap Teat I 
Teat II 
Teat III 
Teat IV 
Teat V 

Samples:   Five 2-inch cubes. 

Explo<M 
Yes       No 
       X. 

H      X- 
X 

Burned 
Yes     No 

Fragmented 
Yea        No 

Z 

Test:   One blasting cap per sample. 

Ignition A Uncondncd Burning Test 

One 2-inch cube 
One 2-inch cube 
Four 2-inch cubes 
Samples:   Six 2-inch cubes. 

Exploded 
Yes       No 
      JL 
      JL. 
      JL 
Test:   Ignite 

Average  Burning Time 
Seconds 

lit« MC. 
MC. 

& burn uneonAned. 

Thermal Stability Teat 

One 2-inch cube 
Samples:   One 2-inch cube 

Exploi ion Ignition 
Yes       No Yea       No 
      A.                         i                      

Teat: 48 hours at 76* C. in vented oven 

Change in Configuration 
Yes       No 

Card Gsp Teat By eoMarlaon 60%  Value 

Impact Sensitivity Teat 

(No. of Cards) ^^ 70 

Bureau of Explosives Impact Apparatus 

Ten 8X" (± 1/16') Drop Test 
10   Trials 

Ten 10" (± 1/16")  Drop Test 
10  Trials 

No. of Trials Exhibiting No. of Trials Exhibiting 

Explosion 
Flame and 
Noise 

Decomposition 
Smoke 

No Noise 

No Reacticn 
No Smoke 
No Noise 

Exploaion 
Flame and 
Noiae 

Decomposition 
Smoke 

No Noise 

No   Reaction 
No Smoke 
No Noise 

Approved: 
Test Director ■'.. - 1 "Ebir 

Test Department Head ^H- / - < 

Assigned Classification 

ICC Forbidden 
ICC Restricted* 
ICC Class A 
ICC Clais B 

_ 

 DOD Approval WltMMlng 

Signature J   J^g   atSM*p% 

Title  9Ä^  

^ 

Oriraniisation   DCAS.   Plt^a^yg)! 

'Shipping Instruction« are to be requested from IC J (para 3-13a(2). 

Figure 1, Sample »ummnry data nheet. 

AOO 7MIA 
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Date   *y 23, 1968 
Sponaorinjf Agency     ||pBtMt Of til« Air Worcm APCC.   AF8C fclltt AFB»   Fl». 

Contract No. AF jggäS^fi^bOOlO  

Propollant Identity (Type No.)       A»rO«WW HM—TCh CorP« Am¥Mo ijfcM 

Propellant Spec.       Mot ■LVailahl« Batch     Ma.   1  

Mfjr. Date 5-20-66  

Detonation Teat 

No. 8 Blasting Cap Test I 
Test 11 
Test III 
Test IV 
Test V 

Samples:   Five 2-inch cubes. 

Expkxled 
Yes       No 

X 
Z 

Burned 
Yes     No 

F'-agmentcd 
Yes So 

Test:   One blasting cap per sample. 

Ignition A Unronflned Burning Teat 

One 2-inch cube 
One 2-inch cube 
Four 2-inch cubes 
Samples:   Six 2-inch cubes. 

Exploded 
Yes      No 

Average Burning Time 
Seconds 

S Mln.   17  MC. 

••c. 

Test:   Ignite & bum unconfined. 
S »in.   Ifl •«e. 

Thermal SUbility Test 

One 2-inch cube 
Samplea:   One 2-inch cube 

Exploi ion Ignition Change in Configuration 
Yes       No Yes       No Yes      No 
     JL —    _r —    -» 

Test: 48 hours at 76* C. in vented oven. 

Card Gap Teat ftr eoapurlsoii 60% Value                     (No. of Cards)          ^_ 70 

Impact Sensitivity Test 
Bureau of Explosives Impact Apparatus 

Ten 8K" (± 1/16') Drop Test 
10   Trials 

Ten 10" (± 1/16")  Drop Test 
10  Trials 

No. of Trials Exhibiting No. of Trials Exhibiting 

Explosion 
Flame and 
Noise 

Decomposition 
Smoke 

No Noise 

No Reaeticn 
No Smoke 
No Noise 

Explosion 
Flame and 
Noise 

Decomposition 
Smoke 

No Noise 

No   Reaction 
No Smoke 
No Noise 

Approved: 
Test Direct or       {j. (.'      i"    /■,'. 

L.C.R. 
T«.t  n.p.rttn.l.t   HP«H         ^ ■   i U       (      /t.^      ■ 

L.C.R. 

Assigned Classification 

ICC Forbidden 
ICC Restricted* 
ICC Class A 
ICC Clais B 

Signature _1 

Title 

3-L 
c^U? 

D Approval   {<:tSKt. J4<,<tj 

'Shipping Instruction« are to be requested from ICJ (para 3-13o(2). 

 ^— /*}'/-? /  
Organisation    &&2S ^    ^ VVvX t. yy A 

Fignre t. Saw pi* $ummary data thett. 

AGO 7»m 
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APPENDIX V 

METHOD OF PROCEDURE - CRATBRING TESTS 

1. Record all preliminary data required on data sheet. 

2. Prepare test area as shown In figure 1. 

3. Drill 9i -inch diameter test holes to the depths shown in Table V-I. 

Table V-I CRATBRINO TEST SEQUENCE AND TEST HOLE DEPTHS 

Sample Batch 
No. 

Test 
Sequence 

Hole Depth to 
Center of Gravity 

Feet 

Actual Test 
Hole Depth, 
Feet      Inches 

AeReCo k^9'2^ 

1. 17 3 6 10.00 

2. 1 9 6 9.50 

3. 2 k 7 9.75 

k. 2 6 7 
1 

•7 9.75 

AeReCo 475 

1. 18 ? 6 10.25 

2. 2 u 6 10.00 

3. 3 8 7 10.25 

k. 4 2 7 10.00 

Tritonal 

1. • 1 6 
7.50 

2. • 12 6 7.50 

3. • 5 7 7.50 

k. • 10 7 7.50 
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4. Take a one-pint sample of dirt from test hole at 0 feet, 3 feet, and 
6 feet depths. 

5. Place 3/'*-inch steel pipe centering stakes arcund the hole as shown in 
figure 2 in order that the center of the bore hole can be located after the 
explosion. 

6. Prepare test charges as follows: 

a. Label and Identify all test samples by sample and test number. 

b. Tape two No. 6 blasting caps to the sides of two pentolite boosters 
l80oapart and tape both to sample charge with pentolite booster 
charge against bottom center of sample. Ihe pentolite charge should 
be positioned so that the wire leads from the No. 6 caps point away 
from the bottom of the 30"Pound charge. 

c. Attach sling made from two pieces of Nylon cord wrapped around the 
bottom of the charge 90° apart and taped to the sides. 

7. Lower charge into hole making sure that no debris or dirt prevents the 
charge from being at the proper depth for test. 

8. Make Polaroid and 35 vm photographs of the sample chazge and test hole 
area before lowering charge into hole on any two of the tests. 

9. Backfill hole with loose dirt to within 3 1/2 feet of the top of hole 
for the 6 feet depth and 4 1/2 feet for the 7 feet hole. 

10. Clear the area of all vehicles and personnel. 

11. Post guards and block all entrances to the test area. 

12. Ground initiating circuit at firing shelter and splice wire to blasting 
caps. 

13. When the "ALL CLEAR" signal is given by the Test Supervisor unground 
circuit and fire charge. 

Ik.    Photograph the crater with both Polaroid and 35 nan cameras. 

15. After the explosion detemine hole profile as shown in figure 2 and 
record data on data sheet. 
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DEPTH MEASUREMEMTS AT 1 FOOT 
INTERVALS IN X-X AND Y-Y PLANES 

SOFT EARTH 
OUTLINE 

Figure V-2 - Crater shape and cross section shoving depth measuring points. 
Steel pins Installed before explosion are used for locating 
original hole center line after explosion. 



APPBMDIX VI 

RESULTS OF SUSAN IMPACT TESTS 

by 

U. S. Naval Weapons Laboratory 

Dahlgren, Virginia 
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CONFIDENTIAL 
U. S. NAVAL WEAPONS LABORATORY 

DAHLGREN. VA.    22448 IN REPLY REFER TO 

TEP:HPB:hvm 
8Q10/1-10 
Ser 0681363 
8EF 2 7 Hb 1 

(Uhclasslfled when enclosures are removed) 

From: Coomander, U. S. Naval Weapons Laboratory 
Dahlgren, Virginia 22Uk6 

To:   Commanding Officer 
Eglin Air Force Base, Florida 32^3 
Attn: ATWT/LT Trossback/882-2963 

SubJ; Susan impact sensitivity test of high explosives 

Ref:  (a) Eglin Air Force Base Itr ATWT/LT Trossback/882-2963 of 7 May 
1968 

(b) NWL Dahlgren Conf Report No. I805 of 30 Apr 1962 

End: (1) Explosive compositions 
Summary of Susan impact sensitivity results 

1. Susan Impact sensitivity tests were conducted on 15 and 16 August 1968 
on three explosive formulations as requested by reference (a). The Susan 
test procedures are described in detail in reference (b). 

2. Eighteen Susan projectile assemblies were loaded with explosives at NWS 
Yorktown; six each with approximately one pound of desensitized tritonal, 
AeReCo 475» and AeReCo U59-23. The latter two were formulated by Aerospace 
Research Corporation, (AeReCo) Roanoke, Virginia. The composition of each 
explosive is given in enclosure (1). The projectiles were gunfired against 
a steel target plate at impact velocities ranging from 121 to 1250 ft/sec. 
Instrumentation used to assess the reaction obtained at impact consisted of 
high speed framing cameras, piezo-electric overpressure gauges, and silicon 
diode light gauges. Velocities were measured on each firing and were in- 
tentionally varied in an attempt to obtain: (1) an approximation of the 
highest velocity at which no chemical reaction (dud) occurs and (2) the 
lowest velocity producing a violent reaction (overpressure at 10 ft of U 
psl or greater). 

3. A round-by-round summary of the test results is given as Table 1 of 
enclosure (2). Table 2 lists the estimated threshold velocities for each 
explosive tested. It should be noted that these estimates are based on 
very few firings and are subject to change if more rounds are fired. The 
overpressures given in Table 1 should be considered as approximations and 
used as comparative values rather than absolute pressures. The numerous 
reflective surfaces present at the test site influenced the pressures "seen" 
by the piezo-electric gauges, but were the same throughout all the tests. 

Page 1 of 2 pages 

CONFIDENTIAL 



CONFIDENTIAL 

TEP:HFB:hini 
8010A-10 
Ser 0681563 

h.   The results of the Susan tests, as shown In Tables 1 sad 2, indicate 
that the explosive tritonal (desensitized) is much less sensitive to crush- 
ing impact than the other two explosives tested.   It is further indicated 
that the explosive AeReCo U75 is less sensitive to crushing impact then 
AeReCo U59-23. 

Copy to: 
Air Force Arutament Laboratory 
Technology Branch (ATWT) 
Efelin AFB, Florida 32^ 

NAVORD (ORD-O332I) 
Washington, D. C. 20360 

W. £. McKenzIp 
By directJon 

Ir^H 

UCLRL 
Box 806 
Livermore, Calif. 9^551 
Attn: Chemistry Division (Mr. L. Green) 

NWS/Yorktoim 23^91 
Code ORREF 

NOS (SADR) 
Indian Head, Mi. 206h0 

NOL/WO 
Bldg. 613 
Silver Spring, Md. 209IO 

Page 2 of 2 pages 
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Explosive 

Tritonal 
(desensitized) 

AeReCo »»75 

AeReCo ^-23 

TEP:HPB: 
8010/1-10 
Ser O681563 

COMPOSITIONS OF EXPLOSIVES TESTED 

Fomulation (Weight Percent) 

TUT 
Aluminum 
D-2 wax 
Lecithin 
Acetlyene black 

RDX 
Polyether urethane binder 

RDX 
Aluminum 
Polyether urethane binder 

80.00 
20.00 
Added 
Added 
Added 

75.00 
25.OO 

59.00 
?2.oo 
18.00 

Enclosure (1) 
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Enclosure (2) 

CONFIDENTIAL 

SIM4ARY OF SUSAN IMPACT SENSITIVITY 'OSTS 
ROUND BY ROUND RESULTS 

Table 1 

TBP:HPB:hwm 
8010/1-10 
Ser O681563 

1 
^ 

Projectile Impact Average 
Serial Explosive Velocity Overpressure 

No. Loading 

Tri tonal 

(ft/sec) 

121 

at 10 ft (psl 

0.0 

.)    Reaction Description 

BM-70 
BW-69 
BW-74 

No detectable reaction 
Tritonal- 320 0.0 No detectable reaction 
Tritonal i 

749 

1.0 Slight burning 
BW-73 Tritonal 1.0 Slight burning 
BW-71 Tritonal 1.1 Slight burning 
flw-72 Tritonal 1250 3.8 Moderate burning 

BM-76 
BW-80 

AeReCo 1*59-23 123 0.0 No detectable reaction 
AeReCo 459-23 203 1.0 Slight burning 

BW-75 AeReCo 459-23 302 1.4 Slight burning 
BW-79 AeReCo 1*59-23 520 6.1 Near detonation 
■1.77 AeReCo 459-23 

Ä32 
5-3 Near detonation 

BW-7Ö AeReCo 459-23 6.5 Near detonation 

BW-82 AeReCo 475 122 0.0 No detectable reaction 
BW-86 AeReCo 475 200 0.0 No detectable reaction 
BW-81 AeReCo 475 3)4 1.0 Slight burning 
BW-85 AeReCo 475 517 ?-2 Near detonation 
BW-83 
BW-81» 

AeReCo 475 
980 

Vigorous burning 
AeReCo 475 4-7 Vigorous burning 

Page 1  of 2 pages 
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TEP:HPB:hwm 
8010/1-10 
Ser 0681563 

SUM4ARY OF SUSAN IMPACT SENSITIVITY TESTS 
THRESHOLD VELOCITIES 

Table 2 

Explosive 
Loading 

Highest "No Reaction"1 

Velocity (ft/»ec) 

360 

Lowest "Violent Reaction"•♦ 
Velocity (ft/sec) 

Tritonal 1250 

AeReCo '♦59-23 l60 4oo 

AeReCo 475 260 450 

♦This velocity is an estimate of the maximum impact velocity that would 
produce no chemical reaction. 

"Ihis velocity is an estimate of the minimum impact velocity that would 
produce a reaction greater than moderate burning, accompanied by an over* 
pressure at 10 ft of 4 psi or greater. 

Page 2 of 2 pages 
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