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AIR-SOWN MINES FOR THE MASSIVE BARRIER

V. L. Fitch1 and L. Lederman 2

I. INTRODUCTION

In the course of many discussions on the use of barriers

in Soutneast Asia, the Summer Study Group 3 was impressed by

the fact that only a very small variety of mines was available

for laying from the air. Not only is the variety limited, but

the targets for which the mines have been designed reflect

more the needs of the classically European type of war than

those in Southeast Asia. Clearly, the effectiveness of a

minefield depends in a crucial way upon its opposition to a

determined penetration effort. For an air-supported and sensor-

equipped barrier, this aspect is even more important and the

success of the entire program rests on the relative difficulty

of sweeping the trails and roads clear of such mines. The

available (or soon to be available) mines that are especially

suited for operations in Vietnam are the gravel and dragon's

h y .The-, with minor modificaLions, undoubuealy

will be very effective against traffic on narrow trails or in

the brush, provided that they prove to be adequately resistant

to water, etc. But these mines are relatively conspicuous on

well-traveled trails and roads, and they are easily swept away.

It has been suggested, for example, that the enemy could

establish a string of road-sweeping personnel along the line

lPrinceton University, Princetcn, N.J.
2Nevis Laboratories, Irvington-on-Hudson, N.Y.
3For list of participants, see IDA Study S-255.
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of travel, with each man being responsible for keeping his

suctiun of a few tens of meters spotless. If we assume the
enemy has successfully come through the transient period, then

this could be a very effective countermeasure, unless the

mines are made much more difficult to detect. We discuss here

a series of air-sown rines designed to complement the gravel

mine and to be sown densely along wider trails and truck roads.

II. PENCIL MINES

This series of devices is based on the idea that one can

make a pencil-shaped projectile, which. would be air-dropped

and fin-stabilized. The device should penetrate to a predeter-
mined depth, so that in most cases only about a half-centimeter

of plunger-activator projects to the trail surface. The depth
of penetration can be controlled by the drop altitude and by

aerodynamic design.

We offer a moderately detailed design of one form of

pencil mine and then outline the variations we believe should

be combined to sow this kind of terrain (i.e., jungle)

effectively.

A. PENCIL MINE, MARK I

1. General Configuration, Firing Mechanism

The design proposed here is intended only to convey the

concepL of the device and to elaborate on the features to be

desired. Undoubtedly, much better ways can be found for imple-
menting the weapon. A sketch of a possible device is shown in

Figure 1.

The following considerations have been applied in an

effort to see if such a device is technically possible. Since

it is intended that the casing of the device function as a gun

barrel, the permissible internal pressures are set by the barrel

SECRET
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FIGURE 1. Proposed Possible Basic Design of Air-Sown Pencil Mine
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dimensions and the tensile strength of the steel used in fabri-

cation. In particular,

P =T r

D 1.

where P is the peak pressure, T is the tensile strength of
p

steel, 6 is the barrel thickness, and r is the mean raaius of

the barrel. The average pressure required to produce a muzzle

velocity v Is

my2mv

2-rsr

where m is the mass of the projectile and s is the barrel

length.

Equating average pressure and peak pressure, we get

2

sr6 mv2uT

The tensile strength of steel ranges from 30,000 to 3,000,000

lb/in.

With

14
v = 3 x 10 cm/sec

m = 2 grams
- ~ 2"c 2

T =3 x 104  lb/in? 2 x 0- aynesiC

sr6 = 15 x 10-2cm
3

If 6 = 1/32 in. and r = 1/8 in. then

s - 2.5

SECRET1?
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jNot more than two inches of barrel would be necessary to hold

the required powder. In short, a device with a casing dimen-

sion of the order of 3/8-in. outside diameter, i/4-in. to 5/16-in.

inside diameter, and 4-i/2-in. length will provide a barrel of

requisite strength and length.

2. Ballistics and Penetration

The pencil mine is equipped with a fin system to stabilize
L,.s fall, and this fin system can be made capable of being bent

so as to control the penetration. For example, if the lower

sections of the fins are free to deflect when the resistance

reaches some critical value, then the cross-sectional area

would increase by a large factor and bring the device to a

sudden stop. This ability should be largely independent of

the soil consistency, and it should minimize the crater aspect.

Again, if there is some knowledge of the general penetrability

in various areas, the altitude of the drop can be suitably

tailored. Clearly, some simple experiments are called for

here.

I At the present time, the foliage penetration factors are

unknown. The earth penetration has oeen estimated only roughly

for sample designs. But it is clear that, by varying the aero-

dynamics in a trivial way, one can tailor the devices to suit

different surface conditions or to render the device relatively
insensiti ve to vari' tio S - 4.- *.r. n.I
3. Counteractivator

IThe activator is a spring-loaded pin which causes a coupling

rod to rotate and advance several millimeters per activation.

VThis resembles the action of a ball point pen, with the activa-

tor pin reiurning to its original position each time.

f In the example sketched here, the advance of the activator

Icompresses the firing spring, which progressively arms a firing

pin. At the predetermined clink, the spring is released and

I i ~ ~SECRET iI 5_________________________. ____ _ ____
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Not more than two inches of barrel would be necessary to hold

the required powder. In short, a device with a casing dimen-

sion of the order of 3/8-in. outside diameter, 1/4-in. to 5/16-in.

inside diameter, and 4-1/2-in. length will provide a barrel of

requisite strength and length.

2. Ballistics and renetration

The pencil mine is equipped with a fin system to stabilize

its fall, and this fin system can be made capable of being bent

so as to control the penetration. For example, if the lower

sections of the fins are free to deflect when the resistance

reaches some critical value, then the cross-sectional area
would increase by a large factor and bring the device to a
sudden stop. This ability should be largely independent of

the soil consistency, and it should minimize the crater aspect.

Again, if there is some knowledge of the general penetrability

In various areas, the altitude of the drop can be suitably

tailored. Clearly, some simple experiments are called for

here.

At the present time, the foliage penetration factors are

unknown. The earth penetration has been estimated only roughly

for sample design-. But it is clear that, by varying the aero-

dynamics in a trivial way, one can tailor the devices to suit

different surface conditions or to render the device relatively

insensitive to variations in terrain.

3. Counteractivaor

The activatop is a spring-loaded pin which causes a coupling

rod to rotate and advance sjeveral millimeters per activation.

This resembles the action of a ball point pen, with the activa-

tor pin returning to its original position each time.

In the example sketched here, the advance of the activatcr

compresses the firing spring, which progressively arms a firing

pin. At the predetermined clink, the spring is released and

SECRET
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the pin strikes the detonator. Clearly, the advance pitch and

spring tensions must be correlated. Other desirable features,

not discussed here, are: (1) a "safety" feature, which is

released upon impact; (2) a delay feature, which would counter-

% act the steel-soled boot; and (3) a deactivation device with a

live period whose duration is months.

B. ANTITRUCK VERSION

The device sketched in Figure 1 can be scaled up slightlySso as to be effective against truck tires. We estimate that

an increase in projectile mass by a factor of 5 (i.e., to 0 g)

would be all that is required. For these larger devices, the
acout the reae-o l w0 be undncessary, provided device sow

simultaneously with the pencil mine described above.

jC. ACTIVATOR VARIATIONS

Som e devce sketh devices described above should be

equipped with alternative triggering modes, to make counter-
measures more difficult. One of these could be a simple spring

wire, which would be pushed horizontally by a man's foot moving
in a shuffling gait. This trigger can be designed to release

the latch that frees the now pre-armed firing spring. Another

mode involves a short (about 6-in.) length of wire, ending in
a barbed tetrahedron which is designed to catch on a boot or

sandal. This provides a fractional second of delay before

firing, and it is not set off by flailing devices.

D. PLASTIC CASING ALTERNATIVES

The system should include an all-plastic component, which

would not be detected by a mine detector and which would in

fact make mine detection or bayonet probing very hazardous.

Effectively, this is the gravel mine in a different format.

We propose that the high explosive be contained in a very hard

SECRET
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plastic projectile, having the approximate shape and size of a

cigar and, again, fin stabilized. This can be weighted by a

lead-plastic emulsion whose conductivity is very low and whose

density is about six. (The weight is an essential considera-

tion for earth penetration.) In this version, we suggest that

the charge be made large (at least 20 g of high explosive) and

that the activator be a bulb of lead azide stabilized by Freon

gel, as in the gravel devices.

E. COUNTER-COUNTERMEASURES

A general characteristic of this system is the pock-marking

of the terrain. After the transient effect has died away, it

would be useful. to include ten-penny nal's along wit the mines.

These could make holes and give mine detection signals at a

rate of 1000 pulse alarms per mine.

III, SUMMARY

All of the suggested devices require some engineering

design and prototype testing. They are not Jn or near the
I "current inventory." On the other hand, we believe that the

entire air-sown barrier concept rests on the production of

such devices, and we urge that a very high priority be given

to their implementation within any barrier program.

The object of this study is to produce a system of cheap,

small devices that provides an interlocking variety and makes

penetration and sweeping extremely difficult. It is assumed

that massive sweeping efforts involving heavy rollers, explo-

sives, etc. bring air response and reflect the fact that an

infiltration trail has become an overt invasion route.

SECRET
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