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Results of PBX 9501 and PBX 9502 Round-Robin Quasi-Static 
Tension Tests from JOWOG-9/39 Focused Exchange. 

Darla Gruff Thompson 

DX-2, High Explosives Science and Technology, Los Alamos National 
Laboratory, NM, 87545. 

Abstract 
. A round-robin study was conducted with the participation of three laboratory 

facilities: Los Alamos National Laboratory (LANL), BWXT Pantex Plant (PX), and 
Lawrence Livermore National Laboratory (LLNL). The study involved the machining 
and quasi-static tension testing of two plastic-bonded high explosive (PBX) composites, 
PBX 9501 and PBX 9502. Nine tensile specimens for each type of PBX were to be 
machined at each of the three facilities; 3 of these specimens were to be sent to each of 
the participating materials testing facilities for tensile testing. The resultant data was 
analyzed to look for trends associated with specimen machining location and/or trends 
associated with materials testing location. The analysis provides interesting insights into 
the variability and statistical nature of mechanical properties testing on PBX composites. 
Caution is warranted when results are cornparedexchanged between testing facilities. 

Introduction: Plastic bonded explosives are highly-filled polymer systems. The 
material properties of these composites are complex and their behaviors are not easily 
modeled. PBX materials are used in many types of weapons systems, and the 
characterization of their mechanical properties is an essential aspect of weapons design 
and safety. In addition, current stockpile surveillance and lifetime extension programs 
use quasi-static mechanical properties testing to characterize stockpile return material and 
to evaluate/qualify stockpile-bound lots of material. 

As part of a JOWOG-9/39 Focused Exchange between National Nuclear Security 
Administration ("SA) facilities and AWE Aldermaston, concerns were raised on the 
possible effect of machining variables on the mechanical properties values obtained from 
testing small PBX samples. A Round Robin was conducted to assess the effect of the 
various machining processes employed at U.S. sites and to assess the effect of materials 
testing location on values obtained in the tensile testing of PBX specimens. 

Experimental: Charges of PBX 9501 and PBX 9502 were pressed and inspected 
by PX. Inspection was conducted according to approved procedure. Within 90 days, PX 
measured the charge densities using immersion methods, machined, and cored the 
charges; PX measured immersion densities of the cores. Nine cores each of PBX 9501 
and PBX 9502 were sent from the PX pressing group to each of the three participating 
machining groups: LANL, LLNL, and PX. 



Figure 1 : Tensile Specimen Geometry 
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container for shipment to the testing facilities. 

The tensile specimen geometry is 
shown in Figure 1 (illustrated in drawing 
34Y-168147). Each of the three facilities 
machined 9 tensile specimens from the PX 
cores they received. Table 1 indicates tool 
and machine parameters used by each of the 
three facilities. In addition, the specific 
parameters are listed for one of the LANL 
machined specimens, indicating significant 
deviation from the procedure. 

plexiglass disc and held with vacuum on a 
VTL (Vertical TurreULathe) for 
facing/profiling. A three axes saw was used 
to cut the specimen off the plexiglass after 
profiling, and it was not subsequently 
machined to length. Inspection was carried 
out manually. The finished specimens were 
packed in Kim wipes in an ice cream 

At PX, cores were adhered to a 

0.00069"-0.0035" /r 

At LAW, core specimens were held in a collet fixture on a VTL for facing and 
profiling. The machined specimen was sawn to rough length on a horizontal bandsaw. 
To achieve the finished length the sample was held with a bridge clamp on a vee block 
mounted onto a lathe faceplate and faced to length. LANL inspection was carried out on 
a CMM using Renishaw PH1 probe head. Specimens were packaged and transported in a 
wooden slotted box lined with felt. 



Figure 2: Immersion Densities. 
PBX 9501 Specimen Densities (JOWOG-9/39) 
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Figure 3: Stress Versus Strain Data for 
PBX 950 1, PX and LANL Machined. 
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LLNL machining chose not to 
participate in the round robin. After LANL 
and PX specimens were machined, 
specimen immersion densities were 
measured before shipping the specimens for 
materials testing. In addition, each 
materials testing facility measured the 
immersion density of all the specimens they 
received. This allowed for a comparison of 
density methods and analysis at each of the 
three facilities. The plotted immersion 
densities are shown in Figure 2. All 
specimens were X-rayed by the materials 
testing facility to detect cracks, density 
gradients or other anomalies prior to testing. 
Materials Testing: Specimens were placed 
in a desiccator for a minimum of 24 hours 
after immersion density testing and before 
mechanical testing to reduce the water 
absorbed by the specimen, Tensile tests 
were initially to be performed with strain 
control at a rate of O.OOOl/in/in/min at - 
18OC, however, some tests were performed 
at 0.00012/in/in/min (see below). The 
testing chamber temperature was ramped 
from ambient temperature to - 18°C at a rate 
of l”C/min and then held at -18°C for 30 
minutes to allow the part to equilibrate. 
The report of experimental data included 
time, load, stress, strainl, strain2 (if 
relevant), average strain, and extension. 
For each specimen, the general location of 
tension failure (e.g. “broke at upper knife 
edge,’’ “broke below lower knife edge,” 
etc.) and appearance of the break (e.g. at 
angle, or normal to the center axis) was 
reported. Three mechanical properties test 
parameters were used to characterize and 
compare stress versus strain data sets. The 
maximum stress (om), in MPa, is the 
highest stress achieved before failure of the 
material. The modulus (E), in MPa/%, is 
the slope of the line tangent to the rising 

edge of the stress-strain data. Ideally, the modulus should represent the linear and elastic 
portion of the curve in the low-strain region, however, this region is typically effected by 



Figure 4: Stress Versus Strain Data for 
PBX 9502, PX and LANL Machined. 
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an experimental "toe-in" artifact (1). 
We have defined the modulus to be the 
linear fit to the stress-strain curve at 40% 
of om, away from the "toe-in" 
contributions. The strain data is shifted 
such that the calculated modulus line 
passes through the axes origin. The 
corrected strain axis is used to deterinine 
the strain at maximum stress ( E ~ ) .  
Results: Figure 2 shows statistically 
significant differences in immersion 
density as measured by the different 
facilities. The LANL(DX-2) values are 
consistently higher than all others, with 
the LLNL data being more intermediate. 
Discussions are underway to isolate the 
parameters responsible. 

Due to operator error (LANL) 
and miscommunication (LLNL), two 
strain rates were actually used in the 
tests. For the PX machined specimens, 
PX and LANL tested at 0.00012/min, 
while PX and LLNL tested at 
0.000 1 O/min. For the LANL machined 
specimens, PX and LANL tested at 
0.00012/min, LLNL tested at 
0.00010/min. The stress versus strain 
curves for PBX 9501 and 9502 (Figure 3 
and 4) show significant differences for 
the different materials testing locations. 
Strain rates were calculated for all data 
sets (not shown), confirming constant 
and accurate rates through the course of 
the tests. However, calculated load rates 
were shown to reflect similar differences 
as the curves shown in Figures 3 and 4. 
Analyses of data in terms of machining 
parameters is best accomplished using 
Figures 5 and 6 ,  where the average 
tensile parameters are plotted (standard 
deviations in error bars) according to 
their machining location, PX or LA. A 
carehl examination of the data shows 
that the only statistically significant 
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Modulus@4O%Max Stress 
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- 

difference attributable to the machining location or parameters is the E,,, measured by LA 
for PBX 9501. As this observation is not seen in any of the other data (other testing 



Figure 6: JOWOG-9 Focused Exchange 
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facilities or for the LA-measured PBX 9502), 
there is no conclusion that can be made. 
Either the effects of machining are too small 
to be evaluated using these methods (tensile 
testing) or else a larger number of specimens 
must be used to obtain better statistics in the 
results. When the data is analyzed in terms of 
testing location, no statistically relevant 
conclusions can be drawn whatsoever. Even 
the effect of changing the strain rate by 20% 
does not have a consistent effect on the data. 
Conclusions: Round-Robin mechanical 

testing of PBX materials is very insightful to 
the difficulties and errors associated with 
characterizing these soft and ill-behaved 
composite materials. One obvious conclusion 
from the data is that there are contributions 
which come from the specific mechanical 
testing apparatus used for the measurement. 

This problem is known to be larger for tension than compression testing, and there is no 
known remedy or correction. Previous work comparing test systems and groups 
suggested that constant strain rate testing be employed to minimize the effects of machine 
compliance on the PBX data (2). Our work here suggests that these effects play a 
significant role in the data even when constant strain rate tests are used. These round- 
robin tests should be repeated with a larger number of test specimens and testing 
locations, following an ASTM standard to improve the statistics and conclusions (3). 

The results of Figures 5 and 6 are indicative of the range of errors associated with 
tensile measurements of PBX materials, due to the variation in testing apparatus/operator. 
Variability in the testing facilities increases the range of acceptable parameter values in 
characterizing these materials. This is important information which must be considered 
in the definition of material specifications for multiple testing machines and/or at 
multiple testing facilities. 
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