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Abstract 

Two lots of EX99 gun propellants from the Naval Surface Warfare Center (NSWC) 
were tested in uniaxial compression to an end strain of -60%. The materials were 
preconditioned at test temperatures of 21°, 50”, and -20 “C while at ambient pressure. 
The stress at faih+re, strain at failure, compressive modulus, failure modulus, 
incremental energy density (IED), and the fracture assessment values (FAV) were 
recorded for each test. These materials were also evaluated for microstructure using a 
scanning electron m+croscope (SEM). 
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At 21 “C, the ~mechanical properties of the EX99 propellants were very poor. 
Note the comRressive and failure modulus values, which indicate the material 
provided brittle response and was unable to sustaining loads past about 10% 
strain. When ~comparmg these values with the propellant lot contained in the 
Appendix, it becomes clearer the large difference in compressive and failure 
modulus. Also, the tested specimens at 21 “C (Figure 2) showed severe axial 
fracture. 

At 50 “C, agam the stress at failure, compressive, and failure modulus values 
indicate how brittle the material was. Axial fracture at 50 “C usually does not 
occur and is a 

ity 
pica1 in most gun propellants, i.e., JA2, M30, Appendix lot, etc. 

The tested specimens at 50 “C again showed moderate-to-severe fracturing of the 
materials. I 

At -20 “C, theitested specimens (Figure 4) from both lots of EX99 suffered severe 
axial and shear fracture damage that would have likely caused significant 
increases in the surface area of this material. The &ess/strain plots (Figure 5) 
for the materials also correlate with the physical damage observed. Note the 
sharp stress vs. strain pulse for the lot that indicates the material had likely glass 
transitioned as a result of the -20 “C exposure. The highly negative failure 
modulus valuks also indicated the material’s inability to sustain load at -20 “C 
beyond about p % strain. 

Overall, the Ex99 7-perforated gun propellants showed very poor mechanical 
properties at 21°, 50”, and -20 “C when compared with the Appendix lot. The 
EX99 test results indicated both lots were sensitive to the uniaxial compressive 
testing, becoming “brittle” at 21” and -20 “C, and suffering prolific fracture. It 
should also be noted that the grains received by ARL from lot FBOl contained 
-25% specimens with irregular perforation patterns while none of these flawed 
specimens were tested for mechanical response. Also, the scanning electron 
micrographs shown in Figure A-3 clearly show a lower level of binder-filler 
interaction ins lot FBOl as compared to lot 0088. The fracture in the 0088 lot 
proceeds only through the binder, whereas the fracture in the FBOl lot takes 
advantage of ~the lower binder-filler interaction and proceeds by jumping from 

ai-l 
k 

particle to p, 
exposed and 
FBOZ at 21” ; 
the fracture 
was residual 
across the cf 
residual stre 
nonuniform 
had sign& 
demonstrate 

or 

icle. In this process, the cyclotrimethylenetriamine (RDX) is 
‘actured. This may explain the lower stress levels achieved for lot 
l-20 “C (Figure 5) as compared to lot FBOl. (Note: The nature of 
the specimen during specimen preparation indicated that there 

tresses in both propellant lots. The fracture, which was initiated 
er of the grain ran quickly to the outside edge. This is caused by 
2s within the grain directing the crack to the outside because of a 
ternal stress field.) When comparing the two lots tested, lot 0088 
tly better properties at lower temperature. However, both lots 
very brittle responses. 

-1 m 
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Appendix. Thermoplastic Elastomer Response 

Table A-l. Mechanical properties of BAMO/GAP/RDX (TGD-019 lot M564-001) next- 
generation high-energy gun propellant (solid stick). 

Lot 

M56-4-001 

Stress at Strain at Failure 
Failure Failure Modulus Modulus ED FAV 
WJW (%) (@a) FW ww 

at 21 “C 
1 31.1 1 9.40 1 0.460 1 0.013 1 15.16 1 1B 

MS-4-001 

M56-4-00 1 

at -20 “C 
1 97.09 1 4.82 1 2.59 1 0.71 1 11.12 1 7AS 

at 50 “C 
1 16.5 1 8.82 1 0.27 1 0.009 1 6.11 1 1B 

aThe failure modulus (slope of the curve after failure) has been added. Generally, the lower the 
value, the worse the material (i.e., negative value indicates the material is unable to sustain load). 
A positive value indicates a positive faihtre slope (i.e., the material is better able to support load 
after failure). 

bThe IED (incremental energy density) value reported is the amount of energy per unit volume 
absorbed at 25% strain, this includes a portion of the area located beneath the stress/strain curve. 

CThe tested specimens were assigned a fracture assessment value (FAV). The values range from 0 
(no observed fracturing) through 9 (severe fracturing observed). The type of fracture was also 
characterized using the following methodology: A = axial fracture, S = shear fracture, 
B = barreling/deformation, I3 = radial splitting (i.e., 9A indicates the tested specimens showed a 
severe amount of axial fracture). 
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