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ABSTRACT

A rifled soft recovery air gun used as a ballistic simulator is described and compared to
conventional smooth bore air guns. These gun systems provide shock tests for
qualification, quality control, and research and development of many items, including
telemetry systems and components. The laboratory environment in which they operate is
responsible for lower test costs than field tests, and for a higher average number of retests
of expensive telemetry units.

INTRODUCTION

Modern ammunition development requires mote detailed knowledge of internal, external,
and terminal ballistics effects than ever before in history because of the current emphasis
on fewer sophisticated weapons instead of large quantities of simpler ones. The more
complex projectiles require more precise knowledge of their environment and of internal
operating functions or events. Full scale field firings are the most expensive way to obtain
data because they require the most material and manpower, and are subject to scheduling
delays due to logistics and weather. On-board memory type telemeters can be the best
choice for retrieving internal ballistic effects data, buty they require soft recovery, further
adding to time and manpower requirements.

CHARACTERISTICS

Air guns provide an approximation of the firing shock for component development at a
much lower cost in a laboratory environment with soft recovery. A complete projectile
need not be tested. The peak acceleration can be lower, the same, or considerably higher
than the field environment, but the acceleration rise time and duration are not realistic in
conventional diaphragm guns. Figure 1 compares acceleration profiles of a 155 mm
projectile in a field gun, a test sample in a 5 inch smooth bore diaphragm gun, and a test 



sample in a 155 mm ballistic simulator which is designed to permit tailoring of the rising
portion of the acceleration curve.

OPERATING PRINCIPLES

The 2 inch and 5 inch guns operate on the principle of shearing an aluminum diaphragm at
a preselected air pressure. The test sample is assembled to a piston and diaphragm
assembly, and loaded into the modified breech. An 80 ft recovery tube attached to the
muzzle is pressurized with air to decelerate the piston assembly after firing. The breech
pressure is slowly increased until the diaphragm shears. The high pressure air then
provides the propelling force. The deceleration in the muzzle recovery tube is
approximately 10% of the launch acceleration. Figure 2 is a schematic showing the
principle of operation. Acceleration levels of up to 60,000 G in the 5 inch gun and 200,000
G in the 2 inch gun can be obtained. Figure 3 shows the breech end, and Figure 4 the
recovery tubes of these guns, which  were used for telemetry component qualification
testing(l).

The development of the 155 mm rifled air gun was begun at Frankford Arsenal and is
being continued at ARDC in order to reduce some of the shortcomings of the smooth bore
air guns, namely short acceleration rise time, short acceleration duration, and lack of spin.
The acceleration of the piston is accomplished by introducing high pressure gas behind it
in a controlled manner through a metering sleeve. See Figure 5. The high pressure air is
introduced at the metering sleeve and passes through it, pressurizing the central portion of
the piston. At this point, everything is in equilibrium. To fire it, trigger air is introduced
behind the piston. The pressure of this air is sufficient to move the piston against the
friction of its O ring seals and the muzzle pressure. As the piston moves forward, it begins
uncovering ports in the metering sleeve, permitting high pressure air to act against the rear
face of the piston. From this point on, the shape of the acceleration curve is determined by
the metering sleeve port configuration which is adjustable, the piston weight, and the air
pressure. This simulator is presently using air as the working gas, providing accelerations
of about 16,000 G which is adequate to simulate many firing conditions. The maximum
level expected to be obtained with current piston designs is about 20,000 G because the
maximum safe pressure for this reworked breech is 23,500 psi. In the future, it is planned
to operate it with Helium in order to obtain longer shock durations. Figure 6 shows the
breech end of this gun, and Figure 7 the 125 ft recovery tube.

Spin, and therefore rotational acceleration, is obtained by attaching brass keys on the
forward part of the piston which engage the barrel rifling. The accuracy of this simulation
is the same as the accuracy of reproduction of the acceleration curve. If rotation is not
needed, a piston without rifling keys is used.



DATA ACQUISITION

Measured acceleration data to date has been obtained by attaching a piezoelectric
accelerometer to the piston, and routing its Microdot cable down the gun tube to a port
approximately 5 feet in front of the piston. The cable then connects to recording systems
outside the gun. The front of the piston is shaped like a scoop which catches the wire in it
until it reaches the port location, at which point it shears the cable. As the data shown in
Figure 1 indicate, this does not provide enough time for a complete characterization of the
acceleration history. Five feet of wire has been determined to be a practical length for this
system. A longer wire bunches up in the scoop and fails before the port is reached.
Another drawback of this system is that the scoop compromises the design of some test
item/piston configurations.

The Telemetry Branch at ARDC is developing an on-board digital memory type
telemeter(2). This will permit data to be acquired for a much longer duration, thus
providing complete characterization of the acceleration curve as well as deceleration, spin
decay, test item functioning events, voltage, etc., and will be a significant advance in data
acquisition capability for both laboratory and field tests. Piezoresistive accelerometers are
planned for this telemeter because they exhibit less zero shift than the piezoelectric type
and are expected to be more rugged. The extra wires required by this type of
accelerometer would have created problems in the external data recording system used
previously, but create few problems in this telemeter with the on-board power supply and
recording system. Calibration of shock accelerometers can be costly, time consuming, and
sometimes of questionable accuracy. In order to improve our confidence in our data, we
have established a shock calibration facility in the Environmental Test Branch at ARDC
which provides quick, reliable calibrations up to 15,000 G.

CONCLUSION

The 155 mm Air Gun, or Ballistic Simulator, is a more useful tool for evaluating many
artillery components than the conventional diaphragm type smooth bore air guns because
of the ability to tailor the initial portion of the shock pulse and the ability to introduce spin.
It does not completely eliminate the need for more expensive complete field weapon firing
because it has limited payload capacity, and the entire shock signature cannot be
duplicated.
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Figure 1.  TYPICAL ACCELERATION PROFILES



A. PROJECTILE AND DIAPHRAGM IN PLACE PRIOR TO RUPTURE

B. DIAPHRAGM RUPTURED AND PROJECTILE ACCELERATED DOWN BARREL

Figure 2. DIAPHRAGM METHOD OF FIRING THE 5 INCH AIR GUN

Figure 3. 2" AND 5" AIR GUNS - BREECH END



Figure 4. 2" AND 5" AIR GUN RECOVERY TUBES

A. PISTON AND METERING SLEEVE PRIOR TO FIRING

B. PISTON DURING CONTROLLED PORTION OF SHOCK PULSE

Figure 5. METERING SLEEVE METHOD FOR FIRING AIR GUN



Figure 6. 155MM AIR GUN - BREECH END

Figure 7. 155MM AIR GUN RECOVERY TUBE


