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Reduced Energy Consumption Through 
Projectile Based Excavation 

COR:  Mr. Mike Mosser 

1. Progress to Date 
During the sixth quarter of performance field/quarry testing of the 60 mm system began.  
Design of the electric launch system also proceeded in a satisfactory manner. 

1.1. Equipment Acquisition 

1.1.1. Muffler Design & Fabrication 
Two mufflers were designed and fabricated during the report period.  Although this design 
proved effective in reducing the acoustic signature of the launcher, it failed to hold the 
overpressure occurring during launch and therefore, was replaced with a steel drum design. 
 
Tire Design.  In an effort to keep cost to a minimum, a design was developed that used 
heavy farm tractor tires with a ¾ inch steel plate on each end.  The tires were provided by 
APTI and the steel end plates were machined by Jensen Manufacturing, Alexandria, VA.  
This muffler is shown in Figures 1.1 and 1.2.  The structure was given rigidity by running 4 
one inch threaded rods between the two end plates.  Each tires was bolted to the next using 
12, ½ inch bolts and large, 3 inch washers. 
 
Drum Design.  Again, to keep costs to a minimum, a used cement mixer drum was acquired 
from Lafarge.  The  ¾” steel plates were modified to fit the drum muffler and welded to the 
ends of the drum to slow down and therefore, retard the evacuation of the launcher gases 
(see Figure 1.3).  This muffler design proved to be satisfactory and reduced the acoustic 
signature from 132 dB to 114 dB, a level that is within the MSHA limits for the Lafarge 
Frederick Quarry.  
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Figure 1.1.  Tire Muffler, shown here at APTI’s Alexandria Laboratory consists 

on tractor tires bolted together with steel end plates. 
 

 

 
Figure 1.2  Tire muffler proved effective in reducing acoustic signature, but could not 

stand launch overpressure. 

1.2. Field Experiments 
Experiments to determine the relative effectiveness of different projectile designs were 
begun in the Lafarge Frederick Quarry on 19 April.  To date, 9 shots have been taken in 
four campaigns in the quarry.   During the first campaign on 19 April, it was determined 
that the Tire muffler would not hold the pressure generated by the projectile launch.  It was 
also learned that the unmuffled acoustic signature was above MSHA limits and that a 
different muffler design would have to be implemented.  Two relatively light projectiles 
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were fired that day at moderate powder loads.  Since then, projectile weight, propellant 
loading and muzzle velocity have been increased in subsequent experiments. 

1.3. Experimental Apparatus 
APTI began experiments with the 60 mm smooth bore launcher.  The launcher is 
mounted horizontally and fired into the rock quarry face as shown in Figure 1.2 and 1.3.  
In the current drum muffler setup, to allow photography of the projectile, the muzzle is 
approximately 15’ from the target face.  The apparatus, shown in Figure 1.3 below, has 
been fired at muzzle velocities from approximately 870 m/s to 1.3 km/s for projectiles 
that weigh from 1.3 kg to 1.9 kg.  
 
Pressure data from the launcher chamber has been measured using PCB Piezotronics 
model 109A02 pressure probes with PCB Piezotronics model 480C02 Pressure Probe 
Power Supplies.  The pressure probes are placed forward of the chambrage and ~ 5” apart 
and record the pressure as the projectile travels past them. 
 
The drum muffler has been successful in reducing the acoustic signature from 132 dB to 
114 dB, well within the MSHA limits.  Clearly, the muffler does not have to be the size of 
a cement mixer drum, however, the funding limitations of this effort preclude fabrication of 
a compact, custom steel muffler. 

 

 
Figure 1.3  60 mm launcher with drum muffler in place. 

 
A velocimeter (Figure 1.5) is attached to the target end of the muffler.  It consists of a 
simple circuit  (shown in Figure 1.4)  that allows the use of break wires to measure the 
projectile velocity.  The velocimeter, designed and fabricated by APTI, is constructed of 
mild steel pipe with a welded flange.  The small circuitry package is protected by a piece of 
sheet aluminum and is taped to the outside of the velocimeter pipe.  The entire structure is 
protected with a layer of duct tape.  This arrangement has worked except for the cases 
when the projectile has come apart before reaching the velocimeter. 
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Figure 1.4  Velocimeter circuit allows projectile velocity to be measured using two break 
wires. 

 
 

    
Figure 1.5.  Velocimeter presented from two angles showing protection for circuitry on 

the left and break wires at muzzle end in the image on the right. 
 
A Leica Total Station TCR 703 has been used to measure the crater volume.  This 
instrument, donated by the University of Utah (Uof U) as part of their in-kind participation, 
is used to record the target surface contour before and after each shot.  It is an excellent 
instrument that is commercially available, but it is expensive.  The instrument must be 
returned to U of U in August, however, and its loss may affect the precision of the data 
collected in later experiments.  The Total Station is shown set up in APTI’s Alexandria 
Laboratory with its APTI laptop in Figure 1.6. 
 
Projectile designs – As mentioned in the last quarterly report, hard aggregate has been 
used in some of the 60 mm test projectiles in place of the BBs that were used in the scaled 
experiments.  Small taconite and diabase aggregate was obtained by APTI and integrated 
into 60mm test projectiles (Figure 1.7).  
 

2d Breakwire 

1st Breakwire 
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Figure 1.6. Leica Total Station TCR 703 shown on tripod with APTI laptop computer 

connected for data download. 
In Figure 1.7, three typical projectiles are shown.  All projectiles are constructed using  
PVC sabots that have been grooved on the inner surface to strengthen the bond with the 
grout and concrete matrices.  All projectiles weigh approximately 1400 gm and the 
differences in length, seen in Figure 1.7, result from the increased density of the steel nose 
cones.   
 
The Non-Shrink Precision (NSP) grout projectile shown contains a center core of 50 gm of 
hard aggregate.  The center projectile is a Quickrete projectile with a hardened (RC 42) 
nose cone of 4140 steel.   The nose cone half angle is 45º.  At the bottom is a Quickrete 
projectile with a mild steel nose cone with a 30º half angle.  The nose cone has a metal 
thickness of 1/8”.   
 
Experiments also included projectiles with a central bolt running front to rear.  These 
projectiles were prestressed to improve the probability of maintaining projectile integrity as 
velocity was increased from less than 1 km/s to approximately 1.3 km/s and to duplicate 
the results of tests conducted by Physics International in the early 1970s.  A sketch of this 
design can be seen in Figure 1.12.  While the introduction of the bolt has not yet solved the 
projectile integrity problem at high velocities, a new configuration will be tested during the 
next campaign. 
 
Witness plates have been used to investigate projectile integrity during high-speed launch.  
A high speed camera from Uof U has been employed to capture the projectile in flight as it 
leaves the muffler.  So far this effort has been without success.  Therefore, witness plates 
have been used to determine if the projectile is reaching the target in one piece.  They have 
shown us that the projectile is coming apart before reaching the target.  The end plate of the 
muffler has also been struck from the inside, further proving that the projectile is not 
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surviving the high speed launch.  Even so, APTI has achieved 11 ft3  of muck with a single 
shot, which is approximately 1/3 of the 1 m3 goal for the technique.  
 

 
Figure 1.7.  Three different 60 mm projectiles.  At the top is an NSP grout projectile with 
no metallic nose cone.  In the center is a Quickrete projectile with a 45º half-angle nose 
cone of 4140 steel, heat-treated to RC 42.  At the bottom is a Quickrete projectile with a 

30º half angle nose cone of 1016 steel. (all ~ 1400 gm) 

1.4. Experimental Data 

A total of 9 field experiment shots have been taken to date.  Not all of these shots have 
produced good data.  Data collected includes the muzzle velocity, launcher chamber 
pressure at two locations forward of the chamber, and resulting crater volume.  In order 
to increase the shot repetition rate, once the ballistics model was verified with sample 
velocity measurements, the velocimeter was removed to ease the alignment of the 
launcher with the muffler. 
 
The most telling data collected, besides projectile velocity, chamber pressure and muck 
volume has been that of the witness plates and the image captured by the video camera 
used to record the shots.  Figure 1.8 shows that the projectile is coming apart at velocities 
approximating 1.3 km/s.  Notice the stream of disintegrated concrete exiting the right side 
of the muffler.  It is clear that it is the first product exiting the muffler, since the witness 
plate is still in tact on the rock wall to the right.  The resulting witness plate damage (Figure 
1.9) confirms that the projectile is coming apart before reaching the target. 

 

Grout with heavy, hard aggregate 
center core. 

85 gm 4140 steel, 45º-nose angle, 
50 aggregate 

120 gm 1018 steel, 30º-nose angle, 
50 aggregate 
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Figure 1.8.   The remains of the projectile are visible as they exit the muffler at ~ 1.3 
km/s, showing that the projectile is coming apart before reaching the target. 

 

 
 

Figure 1.9.  Witness plate shows that projectile is not in one piece when it is striking the 
target.  Small holes are from concrete projectile aggregate. 

 
The projectile designs tested to date have survived low velocity launch, but failed at the 
high velocities.  The production in muck, however, has been surprisingly large for some  
 

Witness plate

Projectile remains exit 
muffler at ~ 1.3 km/s 

~6”
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Figure 1.10  Shot #2, from 5/17/02 campaign, ~ 7 cubic foot crater.  Projectile traveling 
at approximately 1100 m/s. 

 

 
 

Figure 1.11  Shot # 1 from 6/20/02 campaign, ~ 11 cubic foot crater.  Achieved with 
concrete projectile traveling at ~ 1.3 km/s, even though projectile broke apart before 

impact. 
 
 

Crater approximately 7 
cubic feet in volume 

24” deep crater was  ~ 
80” in height and 
width.  Contained ~11 
ft3 of limestone muck. 
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shots  - up to 11 cubic feet, which is more than 1/3 the goal of 1 cubic meter per shot.  The 
new projectile designs shown in Figure 1.12 are intended to solve the projectile high 
velocity failure issue.  If they maintain their integrity, they should produce larger volumes 
of muck per shot. 
 
The crater size has been calculated using a Leica Total Station TCR 703.  This system uses 
a laser range finder to record the contour of the crater before and after the experiment.  The 
difference in the two contours is then used to calculate the crater volume.  The volume 
measured is only approximate, since the instrument cannot be placed directly in front of the 
crater, but must be places at an angle to view past the front of the muffler.   
 
Pressure data from the launcher chamber has been measured using PCB Piezotronics 
model 109A02 pressure probes with PCB Piezotronics model 480C02 Pressure Probe 
Power Supplies.  The pressure probes are placed forward of the chambrage and ~ 5” apart 
and record the pressure as the projectile travels past them.  Knowing the characteristics of 
the propellant being used (New River Energetics, 7 perf, M14 propellant with 1 mm 
web), these pressure readings have been used to verify the ballistics model being used to 
characterize the launcher operation.  The velocity measurements taken with the 
velocimeter have been compared with the velocities predicted by the model.  For 
example, Shot 4/19/02/01 had a predicted velocity of 1054 m/s.  The measured velocity 
was 870 m/s.   Shot 6/4/02/01 had a predicted velocity of 1327 m/s and a measured 
velocity of 1294 m/s. 

1.5. Data Reduction 
The first four shots were used to bring the launcher system into operation, check acoustic 
signal levels and test diagnostic instrumentation.  Velocity measurements and pressure 
probe readings were then used to modify the burn coefficients for the propellant.  Once this 
was done, velocities could be determined from pressure probe data, allowing shots to be 
taken without the installation of the velocimeter.  This saves considerable time at the 
experiment site. 

1.6. Hypothesis & Conclusions 
The hypothesis to be tested in the coming quarter is that an intact projectile will improve 
muck production significantly. 

 
Results of the experiments conducted suggest that reinforcement of a concrete with a strong 
aggregate and a steel (or other hard material) nose cone may result in a cost effective 
projectile-based excavation.  
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Figure 1.12  Projectile design modifications to improve ability to maintain integrity 

during high speed launch. 
 
The 60 mm experiments will provide the necessary data to make that determination.  The 
electric launch system being developed is the other factor that weighs heavily in the cost 
effectiveness equation.   

1.7. Electric Launch Design 
The design for the electric propulsion system is progressing.  It is based on the 30 mm 
smooth bore gun system acquired from the Army Research Lab.  As reported last quarter, 
using this system as the basis for the electric launch experiments will allow this 
development to run in parallel with the quarry experiments that are occupying the 60 mm 
system.   

Proposed System to Demonstrate Low Cost Electrothermal Firings 
APTI proposes to use the classical electrothermal gun layout (Figure 1.13) to demonstrate 
one means of launching projectiles at low cost.  In this layout, an enlarged diameter, 
water filled gun chamber couples to a barrel containing the projectile.  An electrically 
insulating, small diameter tube couples to the breech end of the chamber.  A plug 
electrode (high voltage insulated) blocks the outer end of the tube and a ring electrode 
(grounded) encircles the entrance of the tube into the chamber.  The entire electrode/tube 
structure is typically referred to as a capillary.  Since it must contain high pressures, a 
capillary is typically constructed by inserting a polycarbonate liner in an alloy steel tube 
and using epoxy glass laminates to support and insulate the plug electrode.  A capacitor 
discharge circuit connects to the electrodes. 
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Figure 1.13 Schematic of Electrothermal Gun and Capacitor Discharge Circuit 
 
When ready to fire, the capacitor is charged to high voltage, storing all the energy needed 
to propel the projectile.  The projectile is positioned at the chamber end of the barrel.  
Water fills (or mostly fills) the chamber.  The capillary is empty except for a metal fuse 
connecting the plug and ring electrodes.  Closing the switch causes the fuse to explode, 
starting an electrical arc between the two electrodes (the electrodes are typically too far 
apart for an arc to start without a fuse).   
 
The radiative and convective heating of the insulating tube by the arc ablates the 
insulating tube.  Ablated material is incorporated into the arc, heated, and expelled 
through the ring electrode as a plasma.  While it carries away the dissipated electrical 
energy, the plasma is typically much too hot (10,000 to 20,000 ºK) to use as the working 
fluid in a gun.  However, as the plasma enters the gun chamber, it mixes with the water to 
produce steam at a lesser temperature.  The plasma & steam pressurize the gun chamber 
and start the projectile moving. 
 
The amount of water mixing with the plasma determines the temperature and density of 
the steam.  As the projectile moves, the water forms an annulus in the chamber (and in 
the barrel to some degree, depending on the chamber diameter).  As the plasma flows 
inside this annulus, the instability of the water/plasma interface (Kelvin-Helmholtz 
instability) promotes good mixing.  It is possible to produce steam that is cool enough to 
not erode the barrel (≤ 3000 ºK). 
 
  The rate of energy deposition within the gun controls the ballistic process, determining 
parameters such as peak pressure and muzzle velocity.  An inductor controls the 
discharge rate of the capacitor.  The inductor must therefore be sized appropriately.  
While APTI proposes to use a simple LC discharge circuit in the interests of cost & time, 
more sophisticated pulse forming circuits can be used to optimize ballistic performance. 
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Energy storage capacitors typically do not tolerate rapid voltage reversals.  Closing a 
“crowbar” switch at the appropriate time clamps the capacitor voltage at zero.  Diodes 
represent a high cost option to using a switch. 
 
If chamber pressure extinguishes the capillary discharge, very high voltages may appear 
at the gun terminals.  A spark gap protects the system insulation. 
 
Each firing destroys a fuse and an insulating liner.  APTI envisions a fielded system using 
disposable cartridges, each containing a new fuse and liner.  The cartridges, when loaded 
into the capillary, would keep out water.  The projectiles, when loaded into the barrel 
would seal the barrel entrance.  Thus, the chamber could be reloaded with water through 
high pressure poppet valves, such as those used in liquid propellant guns.  If the 
symmetry of the water charge within the chamber proved important, the water could be 
spun into the chamber to form an annulus (another liquid propellant gun technique). 
 
Electrode erosion is normally controlled through the use of refractory metals (typically 
Tungsten alloys).  It might be possible, however, to include sacrificial electrode covers 
within the disposable cartridges.  Via reduced area support, the pressure generated within 
the capillary would keep the covers in intimate contact with the permanent electrodes to 
prevent welding-in-place of the covers.  Mechanical preload would handle the 
pre-fuse-blow period and allow pressurized contact to develop. 

Modeling 
In order to parameterize our demonstration system, we have modified our one-
dimensional (1-D) gun code to include a steady state capillary model and a model of the 
capacitor discharge circuit shown in Figure 1.14.  We use a co-volume equation of state 
for steam, with parameters evaluated by comparison to SESAME1 data. 
 
The plasma/water mixing process that occurs with the geometry shown in Figure 1.14 is 
very complex.  To simplify the modeling, we assume that the rate at which water is 
introduced into the system is proportional to the rate at which energy is added to the 
system.  (In effect, we specify the temperature of the steam entering the system. This 
temperature is analogous to the isobaric flame temperature of a chemical propellant.)  
The simplified geometry shown in Figure 1.14 is then appropriate for modeling the flow.  
Water held within a gun chamber is converted to steam at its forward surface by the 
addition of electrical energy.  The surface of the water erodes at a rate corresponding to 
the specified energy/mass ratio. 
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Water Steam 

Projectile Chamber Barrel 

Electrical 
Energy Added 

 
Figure 1.14 Simplified Geometry use for Modeling 

 
Steam flow is modeled using a flux-corrected-transport algorithm (LCPFCT2).  The 
algorithm is second order correct in space and time.  “Diffusive” and “anti-diffusive” 
fluxes “correct” the computed convective fluxes to produce an algorithm that is both 
robust and particularly suited to modeling shocks.  In our implementation, variable length 
cells abut the projectile base and the water surface.  The remainder of the chamber and 
barrel are divided into fixed, standard length cells.  When either variable length cell 
grows too long, it is shortened by one standard length and a new fixed cell is added to the 
system.  Manipulations involving the variable length cells use linear interpolation and are 
thus second order correct. Convective, diffusive and anti-diffusive fluxes are conserved 
between the fixed cells and the variable cells.   
 
Motion of the projectile causes the steam to perform work.  Erosion of the water surface 
is akin to a free expansion and does not involve work (the water being considered 
incompressible).  Overall, the code conserves mass and energy to about 1 part in 5000. 
 
Conditions within the capillary can adjust so rapidly, compared to conditions in the gun 
or the discharge circuit, that the use of a steady state capillary model is justified.  The 
model solves a set of 13 simultaneous equations; including mass, momentum, and energy 
conservation expressions, the black body radiation formula, the Saha equation for degree 
of ionization, and the Spitzer formula for electrical resistivity.  In the form used, these 
equations are drawn from the work of Tidman, Thio, Goldstein, & Spicer3 and that of 
Loeb and Kaplan4.  The model provides the electrical resistance of the capillary as a 
function of the current and the pressure external to the capillary exit.  The external 
pressure is assumed to be that at the water surface and the model encompasses both 
choked and non-choked flow.  Polyethylene is assumed as the ablative insulating tube 
material, with SESAME2 tables providing the necessary data. 
 
Tables 1.1 and 1.2, and Figures 1.14 and 1.15, present an example of a code run.  This 
example represents a demonstration option (the 10 KV option, see below) for which we 
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own the most necessary equipment.  Input parameters used in this code run are given in 
Table 1.2.  Some results are given in Table 3. 

Capacitance 10 (mF) 

Inductance 30 (µH) 

Charging voltage 10 (KV) 

Capillary diameter 0.635 (cm) 

Capillary length 7.0 (cm) 

Chamber diameter 4 (cm) 

Chamber length 12.7 (cm) 

Chambrage length 4.6 (cm) 

Barrel diameter 3 (cm) 

Projectile travel 1.36 (m) 

Projectile mass 250 (g) 

      Table 1.1 Input Parameters for an Example Code Run 

Peak current 128 (KA) 

Energy deposited 497 (KJ) 

Steam produced 77 (g) 

Muzzle velocity 1094 (m/s) 

Peak pressure 55 (Kpsi) 

        Table 1.2  Some results for the Example Code Run 
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Figure 1.15 presents the pressure at the water surface, the discharge current, and the 
electrical resistance of the capillary, all as functions of time.  The wiggles in the pressure 
trace result from pressure waves reflecting between the water surface and the projectile.  
The action of the crowbar switch is seen in the rapid current rise and the subsequent 
slower current decay.  The electrical resistance starts near zero and then jumps suddenly 
at ~0.1 milliseconds. A fuse model is incorporated into the code. When the fuse “blows”, 
the capillary model “takes over” and resistance jumps. The resistance then falls with 
increasing current, and finally increases with decreasing current (and also responds, to a 
lesser degree, to pressure changes). 
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Figure 1.15  Output Variables as Functions of Time 

 
Figure 1.15 shows “snapshots” (at a time of 1.25 milliseconds) of the steam pressure and 
steam velocity, as functions of distance from the gun breech.  The left and right ends of 
the traces are the locations of the water surface (0.05 meters) and the projectile (0.48 
meters) respectively.  Zero velocity is assumed at the water surface.  The energy added at 
this surface causes an immediate jump in velocity, which necessitates a drop in pressure 
(analogous to a flame zone).  Another large jump in velocity, and pressure drop, occur in 
the chambrage (0.13 meters to 0.17 meters). An approximately linear increase in velocity 
occurs in the barrel and a modest drop in pressure drives this expanding flow. 
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Figure 1.16 Output Variables as Functions of Position 

Demonstration System Status  
Table 1.1 lists component requirements to demonstrate an electrothermal firing.  Also 
listed are our present component holdings. A high voltage option (20 KV) and a low 
voltage option (10 KV) are presented for the capacitor discharge circuit. 

Component Requirement Present Holdings 
30mm gun barrel 1 1 
Gun chamber 1 1 
Capillary housing 1 1 
Capillary/chamber 
internals 

10 sets 0 sets 

I-beam 1 1 
Barrel support clamp 1  1 
Target tank 1 1 
Target holder 1 0 
Target shock absorber 1 1 
Targets 10 0 
Bus bar connections, 
20+ KV, 170+ KA 

1 set 0 sets 
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Overvoltage spark gap 1 0 

Capacitors, 20 KV Option,  
500 KJ  

 

2.50 mF  
 

 

6.18 mF  
 

 
Capacitors, 10 KV Option  
500 KJ  

10.0 mF  9.58 mF*  

Inductors, 20 KV Option 30 mH, 
170 KA** 

0 

Inductors, 10 KV Option  30 mH, 
160 KA** 

0 

Ignitron switch,  
20 KV Option  

20 KV, 
470 Coulombs**  

20 KV,  
90 Coulombs***  

Ignitron crowbar, 
20 KV Option 

20 KV, 
420 Coulombs**  

 

Ignitron switch,  
10 KV Option 

10 KV, 
480 Coulombs**  

 

Ignitron crowbar, 
10 KV Option 

10 KV, 
380 Coulombs** 

15 KV, 
480 Coulombs*** 

Charging supply, 
20 KV Option  

 20 KV, 
0.4 Amps**** 

0 
 

Charging supply, 
10 KV Option 

10 KV, 
1.67 Amps**** 

10 KV, 
1.8 Amps 

Charge relay 1 1 
Dump relay 1 1 
Dump resistor(s) 1 0 
System controller 1 1 
Current monitor, 170+ KA 1 0 
Voltage monitor, 20+ KV 1  1 

Table footnotes: 
* All 20 KV capacitors, plus all 10 KV capacitors, paralleled to make 10 KV bank. 
** 10 mΩ short. 
*** The number given is the sum of the Coulomb capacities of the tubes owned. 
 Per Richardson Electronics, ignitrons may be operated in parallel. 
**** Two minute charge time. 
***** One minute charge time. 
 
The 20 KV option, while more attractive in terms of capacitor bank size (using the 
high voltage capacitors fully), leaves us without the necessary charging supply or 
ignitrons.  
 
The 10 KV option uses all our high and low voltage capacitors together (64 total 
capacitors), sixteen of our small ignitrons in parallel to handle the coulomb transfer of 
the crowbar switch, and six of our power supplies in parallel to provide the charging 
current.   
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We are scheduled to visit the Army Research Lab during July in search of surplus 
inductors and ignitrons.  
 
As an alternative to construction of either of the systems discussed above, time may 
be rented at an existing gun firing facility belonging to Utron, Inc. in Manassas, 
Virginia.  The Utron facility includes a 30 KV, 500 KJ capacitor bank (with all 
ancillary equipment, assorted inductors, and bus-bar connections to the gun breech 
area), a shielded room for diagnostics (with fiber optic links), an I-beam gun support, 
a shrapnel shield around the gun area, and assorted target tank components.  Inserting 
the Utron capacitor bank parameters into our model indicates that their facility is 
suitable for our demonstration. 
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2. Problems Encountered 

As projectile velocity has been increased, the integrity of the projectiles after leaving the 
launcher and before striking the target has become an important issue.  Steps taken to 
date have not been successful in maintaining the integrity of the projectile at ~1.3 km/s.  
New projectile designs have been developed and will be tested in the next quarry 
campaign. 

3. Plans for the Next Reporting Period 
During the coming report period, plans call for the following. 

 
- Modify projectile design to maintain projectile integrity during high velocity 

launch. 
- Continue 60 mm firing experiments to collect field performance data. 
- Complete detailed design of electric propulsion system and fabricate 

components for modification of 30 mm launcher system. 
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4. Prospects for Future Progress 
At this point, prospects for future progress are excellent.  We anticipate resolution of the 
projectile integrity issue and with that, significantly greater muck production per shot. 
 


