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NEW LANL GAS DRIVEN TWO-STAGE GUN-

A. R. Martinez, S. A. Sheffield, M. C. Whitehead, H. D. Olivas, and J. J. Dick
Los Alamos National Laboratory
Group M-7, MS P952
Los Alamos, NM 87545

A new compressed-helium driven two-stage light gas gun has been installed at LANL to study shock initi-
ated reaction in insensitive high explosives. The gun (based on a design at Ernst Mach Institute) has a 100-
mm diameter by 7.6 long pump tube and a 50-mm diameter by 7.6-m long launch tube. The gas breech,
capable of pressures up to 15,000 psi, has a volume of 42.5 liters and can be used in either a wrap-around
or double-diaphragm mode. This breech was designed so we could use hciium rather than powder com-
bustion gases to drive the pump piston, eliminating the safety and cleanup problems associated with gun
powder. Large hydraulic clamps (pressurized to 10,000 psi) are used to clamp the breech to the pump
tube, the pump tube to the transition section, and the transition section to the launch tube. The target
chamber was designed to allow the necessary room to do multiple magnetic gauging experiments. Gun
control is accomplished using a MAC computer and LabVIEW control software.

INTRODUCTION

A new two-stage (1S) gas gun has been in-
stalled at the high explosive gun facility located at
DF-Site at the Los Alamos National Laboratory.
The primary purpose for this new gun is t0 per-
form research and characterization studies relating
to the initiation and detonation of insensitive high
explosive (IHE) materials. Our single-stage (SS)
gas gun is not capable of producing the projectile
velocities required to initiate IHE's (such as 1, 3,
S-triamino-2, 4, G6-lrinitrobenzene--TATB) or
homogeneous liquid explosives (such as
nitromethane). Several years ago a program was
undertaken to design and install a TS gun capable
of providing the higher projectile velocities re-
quired. After visits 0 many gun facilities, we de-
cided to use the gun design developed by Alois
Stilp at the Emst Mach Institut (EMI) in Freiburg,
Germany.1.2

The Stilp design employs two large hycraulic
clamps to clamp the transition section to both the
pump tube and launch tube during a shot. Large
interlocking "bayonet" arrangements on each end
of the transition section (extemnal) and inside the
hydraulic clamp (intemnal) allow for interlocking
the two pieces before the clamps are pressurized
to about 10,000 psi when preparing to shoot. This
design was used as the baseline for our new gun
but a number of design changes were made to ren-
der it better suited to our needs.

¢ Work performed undee the auspices of the U. S. Department of Encrgy.
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GUN CALCULATIONS AND DESIGN

Several uninue features were designed into our
gun including: a gas breech (to eliminate the
problems of using gun powder) capable of either
wrap-around or double-diaphragm operation, a
hydraulic clamp joint at the breech/pump tube
interface, and a large launch tube bore (to
maximize the experimental area available for 1-D
experiments) so that multiple magnetic gauging
experiments can be done. To determine whether
or not these and other design changes would lead
to a workable gun and also to help determine the
final gun dimensions, a number of computer
calculations to simulate gun performance were
done using the gas gun code of Charters and
Sangster.3  The Stilp design was used as the
baseline and changes were made to the various
parameters o assess expected gun performance.

Initially, calculations were made for the
original Stilp design with the powder breech.
Then a helium filled gas breech was substituted
for the powder breech to allow a comparison. In
addition, only helium was used for the pump tube
gas (eliminating the problems associated with
using hydrogen in the new gun). A maximum
pressure of 15,000 psi was chosen for the breech
because we already have a breech and the
supporting pressurization equipment with this
capability on our single-stage gun. It became
immediately apparent that some drop in maximum
projectile velocity would result from this change



but since high velocities were not of prime impor-
tance to us, this was deemed acceptable. Calcula-
tions were done to determine an optimum breech
volume by varying the volume while holding all
other parameters constant. These calculations
indicated that above a volume of about 42.5 liters
(1.5 £13), gains in projectile velocity were minimal.

By varying the breech pressure the
performance curve shown in Fig. 1 was
calculated. An attempt to optimize some of the
parameters (such as transition section pressure
and piston mass) produced a calculated maximum
projectile velocity of about 4 km/s. Comparing
the optimized gas breech data to that of the
powder breech indicates that the gas breech gives
a lower projectile velocity by about 13%.

A number of calculations were done for a
smaller bore (33-mm) to estimate the maximum
projectile velocities that might be attained with our
gun. The data are plotted in Fig. 2; the projectile
velocity is shown as a function of maximum
transition section pressure. Several parameters
were varied (o produce this data so some scatter is
expected. (In practice the gun parameters will be
controlled so maximum transition section
pressures stay below 190,000 psi.) The data
indicate that, with a projectile mass of 50 g,
velocities between 4 and 7 km/s could be possible.

Final Gun Configuration

These and other calculations helped consider-
ably in setting the final gun design. A schematic
of the new TS gun with the gas breech attached is
shown in Fig. 3. The figure shows a third hydrau-
lic clamp at the breech/pump tube joint. This
clamp is a redesigned pump tube/transition section
joint clamp. The gun support structure was fabri-
cated locally but the large gun pieces including the
launch tubes, pump tube, breech, hydraulic
clamps, and transition sections were fabricated by
Honematic Machine Corp.4

Barrel & Transition Section

The pump tube ID was set 2 100 mm and the
length at 7.6 m. Two launch tubes were made
with 33- and 50-mm IDs and the length was set at
7.6 m. These lengths represent an increase from
4.9 m in the Stilp gun.

We have some concern about the pumnp tube to
launch tube diameter ratio being only 2 (rather
than 2.5 or larger as normally is the case). This
may lead to pump piston extrusion into the launch
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Figure 1. Plot of projectile velocity versus gas breech
pressure for the gas breech (volume 42.5 liters) driven
gun described in this paper. The launch tube was 50-mm
diameter and the projectile mass was 200 g.
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Figure 2. Plot of projectile velocity versus gas breech
pressure for the gas breech (volume 42.5 liters) gun
described in this paper. The lauvnch tube was 33-mm
diamcter and the projectile mass was 50 g.

tube during a shot, a problem that has been
experienced by others in the past. Two transition
sections were designed, one with a ten-degree and
the other with a twenty-degree included angle
transition. It is hoped that the larger angle unit
may help alleviate this problem if it occurs.

Gas Breech

A gas breech was designed with a volume of
42.5 liters and a 15,000 psi pressure capability.
The design was based on the 15,000 psi double
diaphragm breech routinely used on our SS gun



and also on a design that includes interchangeable
inserts for wrap-around and double-diaphragm op-
eration.5 The data of Fig. 1 show that breech
pressures between 3000 and 8000 psi produce
projectile velocities between about 1.5 and 3.0
km/s, the range where we expect 10 do most of our
shots. Since a wrap-around breech could be op-
erated in this pressure regime at a considerable
savings, we designed the interchangeable wrap-
around insert. A cross-sectional view of the
breech/barrel/ hydraulic clamp arrangement is
shown in Fig. 4.

In the wrap-around mode the back of the pump
piston acts as the breech valve so an aluminum
piston back with o-ring seals was designed. The
front of the piston will be polyethylene as is nor-
mally the case. Firing the gun in this mode is ac-
complished by injecting gas behind the piston to
start it moving and uncover the breech gas chan-
nels that connect the barrel to the breech volume.

In double-diaphragm mode two diaphragms are
used with half the breech pressure across each
one. Firing the gun in this mode is accomplished
by venting the gas between the diaphragms, caus-
ing the breech gas to overpressure the first dia-
phragm, then the second diaphragm, and then ac-
celerate the pump piston. Pure nickel diaphragms
approximately 5-mm thick will be used.

Target Chamber and Catch Tank

A target chamber/catch tank system was not
part of the Stilp design so we slightly modified our
single-stage gun system to accommodate the
larger launch tube. The inside diameteris 1 m and
the joined together length is about 4 m. This
system was fabricated of 19-mm thick pressure
vessel steel and is capable of containing 150 psi

after a shot. The inside diameter of the target
chamber provides ample room (o install an elec-
tromagnet assembly so that magnetic gauging ex-
periments can be done.

Gun Control System

Control of the gun will be accomplished usin
a MAC computer and LabVIEW control software
in the same manner that it is now being used to
control our single-stage gun. The computer is the
interface between the operator and the gun so that
the gun is pressurized and controlled manually
using a mouse to click cn the icons that represent
the valves and firing control buttons.

GUN COMPLETION SCHEDULE

All the gun parts, including the support struc-
ture, the breech, barrels, transition section, hy-
draulic clamps, and target chamber and catch tank
are installed and aligned. The hydraulic systems
to operate the hydraulic clamps are operational.
Gun and building interlocks, observation equip-
ment, and control points are being installed and
wired to the control system at the present time,
We are setting up to do a 25,000 psi hydraulic
pressure test of the gun system with the hydraulic
clamps holding the system together and an appro-
priate plug at the end of the launch tube. This rep-
resents 2 1.5 times over test of the breech and will
also demonstrate the integrity of the other gun
components. After this test, the control system
and gas pressurization system must be completed.
We expect (o begin preliminary testing in late
summer 1993 with experiments on IHE materials
following in the fall.
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Figure 3. Schematic of the new two-stage gun at LANL, including the support structure and the target chamber and catch
tank. The support structure is 18-m long with each of the barrels 7.6-m long. The target chamber/catch tank assembly is
I-m diameter and 4.7-m long with the walls 19-mm thick pressure vessel steel.



Figure 4 Cross-section of the gas brecch/pump tube joint with the double-diaphragm package in place. A cross-section of
the wrap-around insert is also shown. These two inserts are interchangeable.
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