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DEVELOPMENT OF THE LARGE-BORE POWDER GUN FOR THE 
NEVADA TEST SITE 

B.J. Jensen' and J. Esparza' 

• Los Alamos National Laboratory, Los Alamos, NI"!, 87545 

Abstract. Plate-impact experiments on single stage guns provide very planar loading condi tion s suitable 
for studying complex phenomena such as phase transitions and mate rial strength, and prov ide im portant 
data use ful for constraining and validating predictive models. T he objective of the curren t work was to 
deve lop a large-bore (3.5" or greater) powder gun capable of accelerating projectiles to moder te ly high 
ve locities (greater than 2.25 km/s) for impact experiments at Nevada Test Site. This gLLn will span a 
performance gap between existing gun facilities and provide a means of examining phenomena over a wide 
range o f strc sses and time-scales. Advantages of the large-bore gun include the capability to load mul ti p le 
samples s imultaneously, thc use of large diameter samples that signiAcantly ex t<.:nd the ti me duration of 
the e. pcriment, and minimal tilt (no bow). This new capability required the development o f a disposable 
connnemcnt system that used an explosively driven closure metilod to prevent contamination from moving 
up into the gun system. Experimental results for both the gun system and the explosive valve are presented. 

Keywords: powder gun, large-bore, multiphase EOS, PDY vclocimetry 
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INTRODUCTION 

T here is a nced for a large-bore, plate-impact fa­
cility capable of achieving velocities in the 2 km/s 
range for experiments to be conducted at the Nevada 
Test S ite (NTS). Experimcnts are needed to obtain 
Hugoniot data and off-Hugoniot data with an em­
phas is on multiphase properties including locating 
phase boundaries, obtaining cquation of state data 
for re levant pure phases, and information on tran­
' ition kinetics. Many of these experiments can be 
achieved only through complex loading paths such 
as ramp-wave compression[ I], shock-ramp or multi­
·tcp loading[2], and cyclic shock loading[3] which 
may re quire both multiple samples and longer ex­
peri menta l time durations. The objective of the cur­
rent work was to develop a large bore (3.5 inch or 
greater) powder gun capable of accelerating projec­
tiles to moderately high velocities exceeding 2 kmls 
for impact experiments at the NTS U I a complex . 

Advantages of the large bore gun incl ude the follow­
ing: (I) the capability to load multiple samp les si­
multaneously, (2) large-diameter samplesli mp ac to rs 
to significantly extend the time duration of the ex­
periment, (3) minimal tilt and bow, and (4) ability to 
field mUltiple diagnostics. 

The Large-Bore Powder Gun ( LBPG) sys[cm[ 4J is 
made up of three subsystems, ( I) a launcher (or gUll) 
consisting of a breech and barrel, (2) a conn nemcnt 
subsystem consisting o f multiplc components, and 
(3) a gas-management sys tem. A photo of the large 
bore gun and a schematic of the confi nement sys­
tem are shown in Fig. I. T he con finement subsystem· 
physically connects to the end of the launcher and in­
cludes a fast closure device known as an Explosively 
Driven Valve (EDY)[5], a ta rget chamber, and a catch 
,;ystem that includes shear discs and crush foam to 
stop the projectile and gas Il ow. Experi ments were 
conducted to: (I) to dete rmine the ystem tim\:: of the 
EOY for various explosi e loads, and (2) determ ine 



FIGURE I. Photo of the Large-bore Powder gun located on the firing site at TA-39-06. The breech is shown to the left and 
the 40-foot barrel extends to the right. (Inset) Schematic of the prototype confinement system that connects to the gun barrel 
via a slip-tube (not shown) and uses an explosively driven valve to seal the system from the gun barrel. 

the g un performance curve for powder loads up to 
sixteen pounds of propellant. In this paper, a brief 
summary of the gun and explosive valve tests re­
quired to qua li fy the gun for lise at NTS is presented. 
A compl ete account of the LBPG gun testing and ex­
plosive val ve testing is reported elsewhere[4, S]. 

LAUNCHER QUALIFICATION TESTS 

A total of 24 experiments were performed on the 
large-bore launcher to determine the gun perfor­
mance: curve and to verify the system's ability to 
remain hel ium leak tight before and after the ex­
periment. A propellant charge of M l4 propellant 
(ATK) initia ted using a length of mild detonating 
and an SE l -PT de tonator was used to launch the 
piston down the 40-foot barrel. The mild detonat­
ing fu~e was typically coiled in a helical shape (ap­
proximate 2-inch diameter) with enollgh length to 
extend through approximately 7S% of the propel­
lant. [he fi nal projectile design consisted of a hol­
lowed magnesium projectile body with a shear disc 

and tapered boot on the back 0 f th..: project ile and a 
foamlimpactor insert located in the front of the pro­
jectile. The projectile mass was nominally 1.4-1.6 
kg. Projcctile velocities were measured usi ng e:ither 
electrical shorting pi ns (impact velocity) or Photonic 
Doppler ve[ocimetry (PDV) to measure the velocity 
history up to impact. The PDV sy stem has been de­
scribed in deta il elsewhere[6] and used collimated 
probes (Light Path) to d irect the 1550 nm laser light 
to and from the front of the projectile. V;;:}-

An example of the: PDV data is shown in Fig. ~ 
where the projectile velocity (krn/s) is pl otted ve -
sus time (IlS) for a test that used IS-lb of M I4 pro-
pellant to launch a I.S-kg proj ectile to 2.32 km/s . 
The data show a nearly uniform proj ec tile velocity 
for approximately ISO f.ls up to impact. The experi-
mental r~~ ults from all experiments arc summaril ed 
in Fig. 3 where the projectile veloc ity V p (km/s) is 
plotted versus the C .\/ ratio (propellant charg to pro-
jectile mass). The data were fit to a po lynomial curve 
that defined the gun performance curve given by the 
equation Vp = 0.134 + 0. 62CH - 003C~ I' 

An important requirement for the launcher system 
was the ability to maintain a helium leak tight seal 
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FIG RE 2. PDY data monitoring the projectile velocity 
as it propagates down the barrel toward the target for a 15-
Ib propellant load. 

pre-shot and post-shot to prevent contamination of 
the gun room when hazardous materials are exam­
ineu. Th us, the three final shots in the 24 shot se­
ries were perform d using 7 Ib (50% powder load), 
11. 1 Ib (75% load), and 15 Ib (100% load). All exper­
Iments were performed using magnesium projectiles 
with nominal masses of l.5 kg and aluminum im­
pactors backed by syntactic foam. The projectile im­
pacted a standard velocity target with one POY probe 
on center. All three experiments were successful with 
m asured velocities of 1.336 km/s, l. 797 km/s, and 
2.312 krn/s, respectively. Postshot examination of the 
gun structure in all thrce experiments revealed no 
structural damage and the gun system had passed 
both the preshot and postshot leak checks, illustrat­
ing that the gun can remain helium-leak tight (le-5 
or better) throughout the normal operating range. 

EXPLOSIVE VALVE T ESTll\G 

A schematic of the explosively driven valve was 
shown in Fig. I as part of the disposable confine­
ment sys t(;m. The EDV consisted of the EDV body, 
a breech plug. and a tapered piston (6061-TO Al 
with surface fini sh 16 micro-inch). The piston was 
launched using disc(s) of PBX-950 I high explosive 
initiated using an SE I- PT or SE 1-31 detonator. The 
two main requirements for the EDV system was a 
fast-closure time of less than 2 ms and the abi 1-
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FIGURE J . Summary ofvei ociry data obtained from the 
launcher tests. 

~1S 
ity to seal the barrel volume with a. leak ~ 
I e-5 for helium. Three series o · tcs In - ere per­
formed on the explosively driven va ve for a total 
of thirteen experiments to understand the va lve per­
formance, including the quantity ~nd type of charge 
required for optimal operation. The first s ri '~ were 
performed on the prototype ED , and the second se-
ries were performed to examine various issues re­
lated to new high-voltagt: ft: edthrough and length­
ened pistons. The final series used a hybrid charge 
(propellant + explosive) in an attemp t to push the 
EDV piston to higher closing velocit ies withou t com­
promising the breech integrity. 

To measure the system time of tlle EOV, POV were 
used to monitor the piston veloci ty from dl!tonator 
initiation to piston arrival at the bottom of the EDV 
body. An example of the analyzed PDY data arc; 
shown in Fig. 4 for one of the experiments. A total 
of 200 gmms of !MR 4350 propellant (equivalent 
to 110 grams of PBX 950 I) and 55-grams of PBX 
950 L was used to launch the piston (3.8 kg) to a 
velocity of approximately 0_32 km/s with a estimated 
system 0[0.8 tns. This velocity is significantly higher 
than the 0.15 km/s (system time 1.7 ms) observed 
for 55-grams of PBX 950 I. The system time (ms) 
versus explosive charge (g) is plotted in Fig. 5 for 
all experiments performed in this work and show a 
system time less than 2 ms for 55-grams of PBX 
950 I which decreases as the charge mass increases. 
The data were fit using a second-order polynomial to 
determine the EDV performance curv" given by the 
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FICURE 4. Analy""/ed PDV data showing the pi s ton ve· 
locity his tory for an experiment u~ing 200 gram of [vtR· 
435 prope llant and 55 ;rams of PBX 9501 . 

equat ion I = 1.63 - 00 186m + 0.0000453m" where 
m is the charge mass (g) and t is the system time ()1s). 

SU"IMARY 

Twenty-four experiments were conducted on the 
large-bore powd r gUl1 to quallty the gun for fu ture 
experiments to be performed at the U I a complex of 
the evada Test Site. Experiments were perfonned 
to measure the projectile velocity, recoil distance, 
breech strain, and impact tilt for powder load,; rang­
ing up to 16 Ib 0 f M 14 propellant. Projectile veloci­
ties wcre obtained up to a maximum value of 2.312 
km/s ceeding our original goal of 2.25 km.'s. The 
\, [ocity data were used to dcve[op the gun perfor­
mance curve that relates the projectile ve[oeity to 

th propellant charge mass and the projectile mass . 
Th irteen experiments were performed to develop an 
explosive[y c1riven valve capable of sealing a 3.5-
inch bore gun and containment system with a sys­
tem ti me of Jess than 2 milliseconds. Experimental 
results show that the system time for the EDV is less 
th an 2 InS for 55-grams of PBX 950 I and lhat it de­
creases with incrcascd charge-mass. 

"' .s 1.5 

'" E 
;:: 
E 
'" ~ 1 
'" 

0.5 ~----~---------
50 100 150 200 

Equivalent HE load (grams) 

FICURE S. System time plotted versus eqUlvak nt HE 
load (PBX 9501). For hybrid propel lan t loads, 100 ~rams 
of IvlR-4350 was assu med to be equivakntlo 55-!;rams of 
PBX 9501 . 
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