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Conclusions
The purpose of the calculations presented is to use existing

flight data as a guide for the analytical model development
program. Even though the primary aim of the POLAR
program is to examine the possibility of substantial negative
potentials occurring on large objects in polar orbit, the ap-
plication of the code to the equatorial, nonsevere charging
regime serves to examine the validity of the physical and
comptuatioanl models. The results of these calculations
showed a remarkably close correlation between theory and
experiment. Nowhere was there as much as an order of
magnitude disagreement in currents, or a factor of three in
potentials. What was shown, instead, was reasonable
agreement between theory and experiment. Much of the
uncertainty could be traced to coarse geometrical modeling of
the satellite and the straight line treatment of ion trajectories.
Work is presently under way to include a more accurate
representation of ion dynamics in the POLAR code. This
work will be particulary important for more negative surface
potentials than examined here, but will apply as well to the
low Earth orbit near-wake problem.
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Design of a Minimum Acceleration
Mortar Charge

G.R. Simpers* and K.P. Hallf
Naval Ordnance Station, Indian Head, Maryland

This approach results in high levels of acceleration of the
payload. Some technical payloads are unable to withstand
excessive acceleration levels. The "soft mortar charge"
described in this Note minimizes the acceleration of the
payload.

The key difference in the approach described is the use of
uninhibited artillery propellant as the propulsive charge. This
makes possible wide flexibility in the propulsion system
design because artillery propellant grains are available in a
variety of sizes.

Technical Approach
The goal of the mortar propulsion system described is the

achievement of a certain muzzle velocity for a given payload
and launcher system while limiting the maximum acceleration
to between 300 and 500g. A conventional mortar propulsion
unit previously used to launch a similar payload imparted an
acceleration of 1200g. This level of maximum acceleration
was too high for a new payload.

The mortar charge described is based on a "hi-lo" mortar
concept. The propellant is burned in a high-pressure chamber
and vented through nozzles into the closed breech volume
behind the round. If the nozzles are properly sized, the ratio
of chamber pressure to breech pressure can be kept high
enough to ensure sonic flow in the nozzles. The pressure-time
history in the propellant chamber is thereby divorced from the
dynamics of the round in the launch tube.

The configuration of the mortar pressure chamber is shown
in Fig. 1. Ignition is by means of the induction coil at the rear
of the unit, which fires a squib into B/KNO3 igniter pellets
held in a hard case in the center of the chamber. Artillery
propellant grains loosely surround the igniter in random
array. The muzzle velocity achieved depends on the amount of
propellant loaded, the surface area history of the individual
grains, the nozzle area chosen, and the propellant charac-
teristics.

The muzzle velocity of a mortar-launched round is
established by the mission requirements of the payload. In
order to achieve this velocity with minimum acceleration
levels, the round should be accelerated at a constant rate
throughout its travel down the launch tube. The ideal case of a
constant acceleration means that the propellant grain must
have a progressive surface area history. This is achieved in the
present design by the use of uninhibited seven-perforation
artillery grains. These grains are readily available in a number
of granulations and propellant types. Our design used grains
of M-30 propellant approximately 0.8 in. long.

The initial selection of web thickness for the propellant
grain was made based on the desire to have the propellant
burn out near the end of the launch tube. The geometry of an
available grain with characteristics close to those desired was
input into a computer program (SORN). This program
calculates the internal ballistics of the propellant in tjie high-
pressure chamber and the motion of the round when subjected
to these forces.

Introduction

L IGHTWEIGHT mortars are often used to deploy a
variety of technical payloads. As a propulsion system

they are generally inexpensive, reliable, and well suited to
these types of payloads. The propulsive charge is commonly
made up of flaked propellant with a large surface area per
unit volume to minimize both the amount of propellant
required and the effect of temperature on muzzle velocity.

PROPELLANT GRAINS (43)
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Fig. 1 Schematic of "soft" mortar charge using artillery propellant
grains.
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Table 1 Flight test results
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Fig. 2 Test firings at 70°F (21°C).

8000

7000

6000

5000

4000

3000

2000

1000

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
TIME (S)

Fig. 3 Test firings at temperature extremes.
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Fig. 4 Comparison of acceleration levels for different test tem-
peratures.

Data and Results
Static tests were conducted to prove the propellant grain

geometry and charge weight. Pressure-time records from
three test firings at ambient temperature are compared in Fig.
2. The effect of temperature on the pressure-time history is
illustrated in Fig. 3.

The pressure-time history that was measured during the
static firings was used to predict the acceleration levels that
would be expected for the round. An ideal acceleration would
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be constant at 148g for the 0.043 s required to clear the launch
tube. Typical results achieved by three of the test firings
compared with the ideal, are shown in Fig. 4. One test result is
shown for each of the temperatures tested. The acceleration
levels vs time predicted from the static tests are noticeably
rounded, without the extreme acceleration peaks observed
with the older propulsion system.

The final proof of the soft mortar concept was provided by
a series of flight tests of dummy payloads, which took place
90 days after the first static firing. The test data collected
from nine flights, using three different propellant charge
weights, are summarized in Table 1. It should be noted that
the highest acceleration (at 121 °F using the high loading) was
only 334g, well below the goal of 500g maximum. All flights
met the muzzle velocity requirement.

Conclusions
A unique approach to the design of a mortar propulsion

unit to minimize the acceleration of the pay load was
developed. The method used uninhibited grains of artillery
propellant as the main propulsive charge. The approach
offers the designer a great amount of flexibility in the charge
design. Advantages of this design include reduced deck loads
and a lower pressure in the launch tube.

This design has been adapted for use in the launching of
two different technical payloads from the original launcher.
In addition, new propulsion system designs have been suc-
cessfully made using this concept. The use of artillery grains
as the propellant source can also be applied to a variety of
applications, such as payload separation or gas generator
design. A smaller version is in use as a charge to expel payload
contents from an outer casing for payload deployment.
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