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Warning 
The information provided in this monograph is not intended for the manufac

ture or use of the described antitank weapons. 
Such weapons and devices are subject to various Federal, State, and local 

regulations. Furthermore, the construction of rockets and warheads entails han
dling of dangerous explosives and propellants which can cause serious injury or 
even death. 

The Author and publisher do not condone nor take any responsibility for mis
use of the information in the present text, 
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Looking through the pages of military 
technology one common thread be
comes apparent. It was the small, rela
tively simple inventions which had a pro
found effect on new tactics. 

It was the simple stirrup which con
verted an armed rider on horseback into 
a formidable mounted war machine. 
The attachment of a spear point to the 
muzzle of a firearm changed the mus
keteer into an infantryman with impres
sive attack capabilities. The machine 
gun, in turn, forced the infantryman to 
use a shovel almost as much as the rifle, 
and practically eliminated the cavalry 
from the battlefield. 

And lastly, the shoulder-fired rocket 
with a shaped-charge warhead made 
the tank (and the helicopter) quite vul
nerable to fire by individual fighting men. A "Bazooka" used by Austro-Hungarian Army 
If the rocket-launched antitank war- ' " , h e 1860's 

head, as recommended by military technologists in the 1930's, had been ac
cepted by the various General Staffs, the concept of the Blitzkrieg would have 
been unthinkable, 

While rockets were used since the twelfth century and the recoilless rifles were 
tested by the end of World War I, these weapon types were not equal in perfor
mance to the conventional artillery of the day. Furthermore, there was no need 
for antitank weapons when the tank did not exist. 

The hand grenade has been called a one man's mortar. The shoulder fired 
HEAT (High Explosive Anti-Tank) warhead may be called a one man's artillery. 
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It is effective not only against armored vehicles, but has been used against 
bunkers, and as an antipersonnel projectile against troops in the open field, 

In the Vietnam war the RPGs were even used against low-flying helicopters 
with success. This last application is not new in concept either. Towards the end 
of World War II the German Command was developing a "Fliegerfaust" intended 
to shoot down aircraft engaged in dive-bombing and strafing the ground troops, 
The famous "Stinger" is the most successful of this type application. Some infor
mation on these weapons is included in the appendix, 

The first successful shoulder-fired HEAT warhead was the United States model 
M-9 rocket launcher firing the 2.36 inch (60 mm) M-6 series rocket. This weapon, 
introduced in 1942 in the North African theater of operations, was an Immedi
ate success. The weapon's basic elements of a fin-stabilized warhead with a 
shaped charge and standoff shield, propelled by recoilless means, have been 
copied and/or improved ever since. The Panzerfausts, RPGs, M-72A2 (LAW), Viper, 
Armbrust, Milan, etc., all incorporate some or most of the elements of the ven
erable Bazooka. 

Now, let's review the principal requirements of a shoulder-fired antitank 
weapon. These are: 

1 - LETHALITY - i.e. the HEAT warhead has to stop and/or disable a tank even 
with a hit of the front glacis (the sloped front and most heavily armored part of 
the tank). 

The World War II missiles were generally adequate for this purpose. It must be 
appreciated that any change in the warhead weight has 3-4 times that effect 
on the total projectile weight. An increase in warhead size will require a larger 
and/or heavier motor, more propellant and possibly a longer launcher just to 
keep the exterior ballistics the same as before. It is therefore most Important to 
keep the warhead as small as possible and light, without loss of terminal effect. 
Such a light warhead in turn allows for reduction in the motor and propellant 
elements. 

2 - HIT PROBABILITY - the ability to hit a target depends firstly on the projectile 
characteristics, such as in-flight velocity, (thus the time of flight from the launcher 
to the target) and the inherent accuracy (reduced dispersion due to better 
aerodynamic shape, propulsion method, fin design, etc). 

The second factor of hit probability is the type of sights used. An expendable, 
one-shot weapon usually uses the simplest kind of open sights. In turn a 
reloadable launcher is generally provided with good quality optical sights. Fur
thermore, such optical sights are normally sighted in with the launcher, produc
ing a more accurate weapon. This was the principal advantage of the Bazooka 
over the Panzerfaust. 

3 - RANGE- a longer range for a weapon is always desirable because it al
lows the shooter to engage the target earlier and also gives him a better sur
vival chance against detection and retaliation fire. 
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The actual field use, however showed that the maximum effective range of 
the World War II weapons was only about 100 meters. Even today's improved 
models are considered practical to ranges of 250-300 meters. The tank size, 
moving target and the hit probability of the projectile are the limiting factors. 

4 - PORTABILITY - the advantages of light weight and compact size are obvi
ous. Unfortunately a compromise and trade-off are necessary in actual field 
product. The factors affecting the final decisions (aside from subjective opin
ions) are the tactical applications, anticipated major combat environment 
(deserts, woods, towns, etc), resources available, and urgency of the end-user 
in getting the weapon. Again the Bazooka and the Panzerfaust are classic 
examples of the final decisions of such factor evaluation. 

5 - COST - the cost of a system is representative of the labor and materials 
needed to produce a weapon without sacrificing on the above-mentioned 
performance parameters. This cost does not appear important when consider
ing a few hundred or even thousand units. However, when such items are pro
duced in hundreds of thousands and under emergency situations, the cost and 
the resulting drain on materials and production facilities can become critical. 

The Bazooka and the Panzerfaust are classic examples of final decisions based 
on evaluation of the above factors. 

While these weapons started with the Bazooka, a crew-served, non
expendable, bulky launcher, with long range and good accuracy, the other 
combatants made other decisions, 

The British "PIAT" with the manual cocking of the launching spring was not 
only a sad concept, but did not compare with the systems described in this text, 
The Red Army in the beginning of the war did not have the time and resources 
for rocket propelled HEAT weapons. From 1943 they did not see the need for it. 
The Germans in turn did not see the need for individual antitank HEAT weapons 
till the 34's started rolling over their lines. 

When the war was over and the various weapon evaluations started, the 
effectiveness of the Bazooka and Panzerfaust began to be fully appreciated, A 
new era of design and development began. 

The key improvements of the later systems were: 

- Piezoelectric fuze (i.e. instant acting) 

- Better aerodynamic form of the projectile 

More powerful high explosive charge 

More reliable detonator 

Higher efficiency rocket motor 
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Higher performance rocket propellant 

- Addition of a primary launching cartridge 

Improved in-flight stabilization due to better fin design 

Use of optical sights 

Use of optional tracking guidance 

Use of reinforced plastic instead of metal, making components less 
expensive and lighter 

Improved production and assembly methods 

At present the development of more powerful, lighter, more accurate, and 
longer range expendable shoulder-fired HEAT-warhead armed weapons con
tinues in many countries. Such development is not the subject of this monograph. 

In the present text the 3.5-inch HEAT, M28A2 rocket has been selected as a 
sample for the various re-enactment models. It is relatively simple in construc
tion, reasonably reliable, and quite adequate for the purpose intended. The 
drawings and sketches of the individual components give sufficient information 
on the materials and methods of assembly of the rocket. 

These methods were reflecting the knowledge and technology of the time. 
As manufacturing methods and experience grew, so did the design of new 
type rockets. The M72 rocket is therefore included for comparison. The most 
obvious changes are the new rocket motor made from aluminum alloy instead 
of steel and the tail assembly of thin blade individual fins. The ignition system has 
been changed from electric to percussion primer, like the old Panzerfaust, or 
the RPG. This allows for better storage life, simpler manufacture and a more 
reliable ignition. 

And finally, the performance parameters, such as muzzle velocity, range and 
penetration have also changed. These parameters change quite often and 
are more influenced by the purchaser's subjective opinions than rationale. This 
is nothing new. It is similar to the continuous discussion of .45 caliber versus 9MM, 
the 5.56MM vs 7.62MM, the high cyclic rate multi-barrel 20MM vs 30MM or 
57MM, the IOOMM rifled tank gun vs the I20MM smooth bore, etc., etc. ad 
absurdum. 
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The principle of rocket propulsion is based on the law of physics "every action 
produces an equal and opposite reaction." This, in simple terms is demonstrated 
in an example of a man sitting on a raft in the middle of a quiet pond. By jump
ing from the raft into the water the man pushes the raft in an opposite direction. 
The speed of the raft multiplied by the raft mass will equal the speed of the man 
multiplied by his mass. Similarly, the rocket warhead, or the recoilless rifle shell 
are the raft, while the gases (and other materials) "jumping away" "kick" the 
rocket-projectile towards the target. The projectile "pushing" system may be of 
three basic types. 

A - a pure rocket in which the acceleration of the projectile is performed only 
by the reaction of the propellant combustion gases. Such performance is en
hanced by a suitable combustion chamber and nozzle configuration. Some 
data on simple rocket propellants and rocket geometry are given in the Ap
pendix. The Bazooka uses a pure rocket propelling system, 

B - a pure "momentum" system in which the projectile mass (or weight) is 
accurately balanced by the mass (weight) of the gases and the metallic or 
plastic particles, Both are expelled from the tube with the same force and ve
locity so that the shooter does not feel any appreciable recoil of the launcher. 
The Panzerfaust was built on this principle. 

C - a combination of the "momentum" and rocket. The two stage propulsion 
method, which launches the projectile like the Panzerfaust type recoilless charge 
and then several meters out of the launcher lights up the rocket motor. This 
approach is more complex mechanically than the single stage propulsion sys
tem but has the following merits: 

Lower launcher signature, i.e. less muzzle blast and smaller mass expelled 
to the rear. 

n-i 



The Poor Man's RPG 

Reduced launch velocity. 

Shorter launcher. 

More adaptable for use in restricted space. 

- The expelling unit acts essentially as the first stage of a rocket system 
improving the efficiency of the actual rocket motor. 

Allows for a more flexible design of the complete weapon system, 

Allows lighter motor construction since the rocket propellant may burn 
more slowly while accelerating the projectile down the range. 

Safety, in case of defects in construction and/or handling of the launcher, 
motor and the propellant charge, the shooter is not subject to the same 
high pressures and forces as in the single stage system, This is particularly 
important when considering the closeness of the shooter's head to the 
launcher during firing. 

The penalty in using the two stage system is the inherently poorer accuracy, 
particularly in cross wind. While a one stage launched warhead is subject to the 
drift only, the projectile-with rocket motor which continues to burn during flight 
tends to turn head-on into the wind. The RPG7 is based on such a hybrid system. 

So far everything is simple and straightforward, The real problem is in the prac
tical configuration of such a launching method, The weapon must be as short 
and light as possible. Yet it must be powerful enough to penetrate and disable 
any existing (WW II) armored vehicle. It also has to have a reasonable range, 
flat trajectory and good accuracy to hit the target (approximately 3m wide by 
2m high) moving at about 7 meters per second. 

To hit and penetrate such armored targets requires a powerful projectile. In 
the past such a projectile was a high velocity kinetic penetrator, This was a 
hardened steel or tungsten sub-caliber projectile fired from an artillery weapon 
(gun or howitzer) of large caliber (75 - 150 mm), Obviously, a shoulder-fired 
launcher required a different type of projectile. The solution was a shaped charge 
warhead. 

The basic characteristics of such warheads are discussed in detail in the next 
chapter. Although the launcher was reasonably short and light, the warhead 
had to be accelerated to Its maximum velocity within the launcher length. This 
in turn required a development of a special propellant which would burn at 
relatively low pressure and produce a maximum gas volume within the time 
before the warhead exited from the front end of the launcher. Details of the 
material and design features of the propulsion components are described fur
ther in the text. 
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An interesting characteristic feature of the antitank shoulder launcher is the 
absence of recoil. 

The propellant gases leaving through the launcher end nozzle (in the RPG-7 
types) produce a reactive force forward, thus balancing the recoil forces, The 
force of gases on the front portion of the launcher chamber produce a barely 
noticeable launcher motion forward. 

The performance specifications selected by the using service determine not 
only the final choice of the warhead and propulsion components, but also the 
type and form of the launcher. The U, S. Service apparently opted for longer 
range and a reusable weapon resulting in a 150 cm long Bazooka tube. The 
German Command selected a shorter range expendable unit, while the Soviet 
designers (after WW II) having the opportunity to study both systems, chose to 
use the best features of both. 

To appreciate the performance of the World War II shoulder-fired rocket 
launchers consider that the HEAT warhead velocity, through its effective range, 
was about the same as the velocity of a ,22 rimfire bullet, i.e. about 300 rn/sec. 
The weight of the high explosive charge in the warhead was comparable to 
that of 3-5 offensive type hand grenades. No wonder these devices are so popu
lar with the irregular forces around the world even today, 

The shapes and construction of these three basic launchers are shown in the 
respective chapters, 

The energetic materials employed in the shoulder-fired antitank weapons may 
be separated into two groups: 

A - Propellants, i.e. materials needed to launch the projectile to the target. 

B - High Explosives, used in the shaped charge warhead, 

Each of the above groups requires ancillary pyrotechnic and/or explosive 
materials such as igniters, delays, boosters, fuses, etc. 

The propellants are almost invariably high energy, double base (Nitrocellulose 
with Nitroglycerine) powders adjusted for uniform burning at relatively low pres
sure (±500 Atmospheres = 7500 psi). The burning rate is designed so that the 
propellant grain is fully consumed within the time needed for the projectile to 
exit from the launcher. The burning rate is controlled by the appropriate chemi
cal composition of the powder and the actual geometry of the powder grains. 
The control of the burning rate is more critical than that of normal artillery pow
ders because the infantryman is exposed to any unburned or late burning pro
pellant while the gunner is not. 

For playacting and reenactment demonstration only the following may be 
applicable. 

The most common solid propellant rocket fuel used by amateur rocketeers 
are: 
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Zinc dust powder 2/3 (by weight) 
Sulfur powder 1 /3 (by weight) 

The components are placed into a non-sparking (wooden) container and 
blended by rotation and/or shaking of such container until a powder of uniform 
color is produced. For small quantities of propellant the most convenient method 
is to place the components onto a sufficiently large sheet of paper or dense 
cloth. By alternate lifting and lowering of the sheet sides, the material is uni
formly blended. The blended propellant is carefully ladled into the rocket body 
with a non-sparking spoon. After the addition of a small portion of the pow
dered propellant, the rocket body is vibrated by tapping with a wooden or 
rubber mallet, or an electric vibrator (hand held electric sander) To prevent an 
open spark, the vibrator is enclosed in a heavy plastic bag. 

The propellant will produce chamber pressures of about 70 Atmospheres (1000 
psi), Addition of a small amount of ethanol to the blended powder produces a 
paste-like mix which can be stuffed into the rocket motor. It should be cured at 
ambient temperature for 5 to 7 days. The resulting rocket grain is a hard smooth 
material which can be sawed or machined. The grain requires more burning 
surface than the end burning type and therefore is usually formed in tubular 
form. This propellant will produce respectable results in a reenactment weapon, 
but the charge must be small to finish burning before the warhead exits. 

The second, most common amateur rocket propellant is a mixture of: 

Potassium nitrate 60 % (by weight) 

Sugar 40% (by weight) 

These components are blended in the same manner as the Zinc-Sulfur mix. 
The blended material is then slowly and carefully heated in a double boiler with 
glycerine (instead of water) to a temperature of 175° - 200°C (350 - 400° F), The 
molten mass is carefully poured directly into the rocket motor. To prevent air 
bubbles and stress cracks at cooling, all pouring ladles, funnels, and the motor 
body must be preheated to the melting temperature of 175°C. The propellant 
must be poured into the body in one step only. Any interruption In the pouring 
process will affect the grain cooling and cause cracks, resulting in erratic burn
ing and possible explosion. This method of propellant preparation is used only 
by experienced individuals with proper equipment and under carefully con
trolled conditions. 

The third basic rocket propellant is the venerable black powder which is avail
able from sporting gun stores. However, the powder used in the traditional muzzle 
loading arms is more powerful than that used in the rockets. To make a rocket 
powder from the hunting powder approximately 40 grams of fuel (charcoal or 
sugar) are added to every 100 grams of the hunting black powder, The charcoal 
may be made from barbecue brickettes broken down and screened for size. 
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A one pound size coffee can with a piece of wood and a kitchen sieve are all 
the basic tools you'll need. The same can with a plastic cover also serves as a 
"blending drum" for the components, i.e. black powder and charcoal/sugar. 
This propellant blend will practically duplicate the traditional pyrotechnic rocket 
composition of: 

Potassium nitrate - oxidizer 55 % (by weight) 

Sulfur - fuel enhancer 10 % 
Charcoal - fuel 45 % 

More powerful rocket black powder propellants use a higher percentage of 
oxidizer, while reduced power propellants use less oxidizer. 

The rocket propellant powder (blended) is poured into the rocket motor body 
in small portions and compacted as described in the respective section. 

Many other types of reenactment expedient rocket propellants have been 
tried in the past, Smokeless rifle powders were blended with acetone, paraffin 
and other materials. The resulting propellant grains were sometimes difficult to 
ignite, some produced erratic burning rates while others generated excessively 
high pressures. None was as convenient as the propellants described previously. 

The final source of propellant (and rocket motor) are the various rockets avail
able from the hobby stores. These are generally the safest to use and are the 
best choice if the whole rocket and warhead (dummy) are of cardboard con
struction. 

The rocket motor burning time and the appropriate length of the launcher 
can be determined by the following simple method. 

Take a launcher with a tube about one meter longer than the estimated final 
length, Starting about three quarters of a meter from the rear end, drill in the 
launcher tube a series of holes (about 3/16 inch in diameter) approximately ten 
centimeters apart, toward the muzzle. Cover each hole with a piece of tape 
(ordinary Scotch tape or masking tape). When the rocket (with dummy war
head) is fired, the tape without burn marks shows the location where the pro
pellant burned out. 

In the reenactment rocket motor the igniter (see schematic diagram) is placed 
at the NOZZLE END of the motor. This Is essential because the propellant in this 
case is only one solid grain of Zn-S composition. 

To make motors (and hence the whole projectile) lighter, yet strong enough, 
the latest rocket motor bodies are manufactured from wound fiberglass fila
ment. This very same method was used years ago to make the Winchester model 
59 shotgun barrels. A paper-thin steel liner was reinforced by multiple windings 
of fiberglass filament. The barrel was then coated with epoxy and painted black. 
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REENACTMENT ROCKET NOZZLE DESIGN 

FUEL: Zinc-Sulfur mix (2:1 by weight ) 
f l ame tempera tu re +1450"C 
burning rate 230 cm /sec 

R e c o m m e n d e d relationships of nozzle 

Area of Motor = 3 Area of Nozzle 
Area of C o n e =7 ' / 2 Area of Nozzle 

TABULATED VALUES FOR REENACTMENT ROCKET MOTOR DIMENSIONS 

MOTOR BODY MOTOR ID ID2 

NOMINAL SIZE MM 
PIPE 
Sch.40 

1" 24.4 642 214 14.6 1810 42.5 
1 72" 41 1680 560 23.6 4200 64.7 

M28A2 42 22 60 

Note: t he a b o v e reenac tmen t motor values agree qui te well with t h e ac 
tual Bazooka rocket motor dimensions, part icularly w h e n considering the 
differences in the fuels. 

BURSTING PRESSURES FOR BUTTWELD STEEL PIPE 

AS USED FOR THE REENACTMENT ROCKET MOTORS 

PIPE NOMINAL PIPE SCHEDULE 40 (STANDARD WEIGHT) 
SIZE inches OUTSIDE DIA. PIPE 

millimeters INSIDE DIA. BURSTING PRESSURE 
millimeters PSI 

1" 33.2 26.7 9100 
I1 / , " 42.2 36.1 7600 
172" 48.2 41 6850 

/ 3 ID 2 DN 772DN
2 D( 

= D 2 
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Note: For comparison, the 12-ga. shotgun barrel has an inside diameter of 
18.5 mm and the maximum mean (not proof) pressure of a shotshell is 11,600 PSI 
(slug load), 

The ignition systems of the propellant cartridges in the shoulder fired launch
ers are of two types: 

a - mechanical 

b - electrical 

The mechanical ignition unit used in the Panzerfaust and the RPG may be 
compared to the conventional small arms unit. A pull on the trigger releases the 
hammer which hits the firing pin. The firing pin in turn strikes the small percussion 
primer, igniting the booster and the propellant itself, This system is simple, safe 
and reliable. Furthermore it may be inspected visually for defects. 

The electrical ignition system consists of an electrical energy source, mag
neto , or battery, suitable wires and an electrical squib (a hot coil) imbedded in 
readily ignited booster. Pulling the trigger closes the circuit and sends an elec
tric impulse through the wires to the squib. The thin wire of the squib is heated 
red, igniting the booster and the propellant. This system is also simple and re
liable, but requires protection from external electromagnetic impulses by care
ful grounding. Inspection of the electrical circuit does require the use of an Ohm/ 
Volt meter. 

The Panzerfaust igniter is of the mechanical type. However, due to the type 
(recoilless) and the geometry of the launcher, such a mechanical igniter re
quires relatively large amounts of machining to make it positive and safe. 

For reenactment purposes it Is simpler and safer to use an electric igniter. 
Such an igniter may be attached to the propellant cartridge and seated into 
the launcher tube from the rear, prior to Insertion of the expelling counterweight 
of sand and/or iron filings. This method assures that there are no openings in the 
launcher tube. 

In summary, the advantages of a reenactment electrical Igniter are: 

It does not require the equipment and tools needed to build a mechani
cal unit. 

- The magneto assembly may be replaced by a battery. 

All components for the electrical circuit are readily available, off-the-shelf 
items (switches, wires, batteries , igniter/hot coil, booster powder). 

- The construction of an electric unit is simple and the tooling needed con
sists of a pair of small pliers and a small soldering iron. 
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REENACTMENT ROCKET MOTOR ELECTRIC IGNITER 

EQUIPMENT: 

1 - Small hand drill wi th assorted drill bits 

2 - Single e d g e razor b l ade 

3- Small file 

4 - Small soldering iron 

5 - Scissors 

MATERIALS: 

1 - Flashlight bu lb (PR2 or equivalent) 

2 - Black powder , FFFG 

3 - Adhesive t a p e , Scotch t a p e type 

4 - Adhesive c e m e n t for plastic models or equ iva len t 

5 - Stopper, cork or rubber (to fit the motor nozzle d iameter ) 

6 - Insulated wire; e lect ronic equ ipmen t t ype 

7 - Flashlight batteries, 2 e a c h , D-cell 

8 - Soft solder wire 

PROCEDURE: 

1 - C lean off approx imate ly 4 m m (3/16") insulation f rom t w o wires, 

2 - Solder one wire (A) to the side of the flashlight bulb. 

3 - Solder another wire (B) to the insulated knob at the b o t t o m of t he bulb. 

Note: Be sure tha t the soldered ends of the wires do no t c o n t a c t e a c h other, 
and are marked A-ground, B-hot. 
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4 - Drill a hole through the center line of the stopper large enough for both 
wires to pass through. 

5 - Counter bore the small end of the tapered stopper so that the bulb body 
fits in snugly and seats to the rim. 

6 - Pull the wires through the stopper hole. 

7 - Apply a small bead of adhesive around the counter bore hole edge. 

8 - Gently seat the bulb in place, 

Note: Be sure that the soldered joints are not damaged, 

9 - For safety apply adhesive at the exit end (large diameter of stopper) so 
that any accidental pull on the wires does not damage the soldered 
contacts. 

10- After the adhesive dries, take the stopper with the bulb and with 
GENTLE and SLOW strokes file off the top of the glass bulb until a hole of 
approximately 3mm (Va") diameter is formed. 

11- Form a small funnel from a small paper strip; SLOWLY pour the black 
powder into the bulb so that it does not break the thin wire coil inside, Fill 
the bulb completely. 

12 - While keeping the bulb in an upright position (to prevent spilling the black 
powder) close the bulb opening with a small piece of adhesive tape or a 
drop of glue. 

13 - Connect the two wire ends to the battery; wire (A) to the "ground" or"-" 
end, the wire (B) "hot" is temporary shunted (connected) to the ground 
wire with a clip or other means. 
The igniter is now ready for insertion into the rocket motor nozzle. 

Notes: 

1 - If a fine lead wire is not available, a piece of light duty electric extension 
cord (as used for small appliances) is usable. 

2- two (2) D-cell batteries (fresh) will actuate a PR2 bulb over 4 V2 meters (15 
feet) of light duty electric extension cord, 
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3- After step 8 check the electric conduction by two (2) D cell batteries; the 
bulb should light up if all joints are good. DO NOT test the connections 
after the bulb is filed open; it would burn the bulb filament and make the 
igniter inoperative. 

The RPG2 is basically a copy of the Panzerfaust, hence the reenactment model 
may use the same electric igniter as the reenactment Panzerfaust, The RPG7 
uses a mechanical igniter for the expelling charge and a delay which in turn 
ignites the rocket motor at a safe distance from the muzzle. Again, like in the 
reenactment Panzerfaust it is simpler and safer to use an electric igniter for the 
expelling charge and a delay igniter for the rocket motor. 
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The shaped charge warhead of an antitank projectile is based on the tech
nique of directional control of the energy generated during a high explosive 
detonation, Instead of allowing the gases to expand in a radial direction, they 
are focused into a narrow jet. This may be compared to a light being focused 
by a conical reflector into a sharp beam, 

In a shaped charge warhead the fuze fires a primer which initiates the deto
nator which in turn sets off the main charge. The detonation wave of the formed 
charge reaches the apex of the liner producing very high pressure, causing the 
liner wall to collapse. The inner portion of the liner cone forms a molten jet trav
elling at a high speed along the charge axis. The velocity of this gas-metal jet 
approaches the burning rate of the high explosive used (i.e. 5000-8000 m/sec). 
Such a jet may penetrate armor to a depth twice that of the liner diameter, The 
jet-metal performance inside the target is further accentuated by the fragments 
of the armor from the penetration hole. 

For the best performance the liner is brazed to the warhead body around its 
entire circumference, The joint is then carefully inspected and tested under hy
drostatic pressure and very rigid controls. After the liner-warhead assembly passes 
the inspection, the standoff shield and the conductive hood (if the piezo fuze is 
in the projectile nose) is crimped and/or brazed to the warhead. After a final 
waterproofing with a silicone-like adhesive the warhead is ready for filling with 
the explosive charge. 

The explosives used in the warhead are high energy materials, The final choice 
is dictated by the availability of such an explosive, the method of filling and 
forming the charge and the urgency to transfer the weapon into the end user's 
hands. 

The 2.36 inch warhead (HEAT - M6) held approximately 450 grams of Pentolite, 
a mixture of PETN and TNT in 50/50 proportion, The 3.5 inch warhead (HEAT -
M28A2) contained 850 grams of Composition B. The Panzerfaust 150 warhead 
was charged with approximately 900 grams of mixture of RDX and TNT in 50/50 
proportion. Both, the PETN (Pentaerythritol tetranitrate) and RDX 
(Trimethylentrinitraamin) are excellent high explosives - powerful, relatively safe 
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in handling and storage, stable, and produced from readily available raw ma
terials. Their one main drawback is in their physical form, They are fine powders 
and are not castable, 

During filling and loading operations the PETN and RDX are usually blended 
with a small percentage of a binder, then compacted into small pellets to pre
vent dusting. Only then are these explosives deposited into the projectile (or 
mine) and compressed in a hydraulic press. Shaped charge warheads with thin 
and light walls are not readily suited for such compression of explosive filler. Thus 
PETN and RDX are added in loose powder form to molten TNT and blended into 
a thin porridge-like slurry, Such liquid is then poured into the warhead body and 
solidified by cooling. 

This operation is a very closely controlled one. The metal parts of the war
head are first preheated to about five degrees Centigrade higher than the 
temperature of the poured explosive. 

While the explosive is being poured, the warheads are vibrated to such a 
degree that a slight movement of the molten filler may be observed. The amount 
of the poured explosive exceeds slightly the required quantity for each charge. 
This, like in casting metals, eliminates the voids during shrinkage at cooling and 
assures a full and uniform warhead charge. 

The overall performance of a shaped charge warhead depends on the fol
lowing factors: 

1 - Type of high explosive used In the main charge - the more powerful the 
better. 

2 -Standoff distance - the distance between the base of the liner and the 
target surface, The target penetration increases with the increase of the 
standoff distance until the standoff equals about 3 times the liner diameter. 
Any further increase in standoff will decrease the penetration. 

3 - Liner diameter - an armor penetration is about 1 V2 times the liner diameter. 

4 - Liner cavity form - a hollow cone of 42° produces optimum performance. 
Other forms tried were ellipsoidal, paraboloid, etc. 

5 - Liner material: of all materials tried, the best was copper, then steel; alumi
num was not very effective. 

6 - Liner walls : tapering of the liner thickness improved the performance. 

7 - Projectile rotation: high speed rotation (such as artillery shells) markedly 
decreases the shaped charge effect. 
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I f the shaped c h a r g e a n d the target were stationary (like a crater ing charge) 
the selection of the best cond i t ion wou ld be relatively simple, However, the 
target a n d the project i le are mostly mov ing dur ing the impac t . The standoff 
d istance then b e c o m e s a var iable, d e p e n d i n g on the i m p a c t ang le of the 
w a r h e a d a n d the strength o f t he standoff shield. Furthermore, t he project i le 
continues mov ing towards the ta rge t after the impac t a n d before the d e t o n a 
tor sets off the cha rge . In the early models of the Bazooka, Panzerfaust a n d the 
PG-2, the de tona to r was f ired mechan ica l l y by impac t of a striker against a 
percussion primer. This i n d u c e d a long delay, 

Present d a y wa rheads use mostly piezo-electr ic fuzes a n d electr ic br idge-
wire detonators, This assures a pract ical ly instant de tona to r ac t i on . 

Typical high explosive mixes used in the shaped cha rge warheads 
are: 

composi t ion (by weight ) 
Pentolite PETN 50% 

TNT 50% 
This mater ial has a density of: ±1.0 g ram/m l (granular form) 

±1.65 g ram/m l ( in cast form) 

Detonat ion rate: 5500 m/sec (granu la ted) 
7300 m/sec ( cast) 

Composi t ion B RDX 6 0 % 
TNT 40 % 

Octo l HMX 7 5 % 
TNT 25 % 

Pentolite, g r a d e I, speci f icat ion JAN-P-408 was used in the 2,36 inch M6A3 
rocket. A l though power fu l , it is not as ef fect ive as the Composi t ion B or Oc to l . 
Furthermore, in w e t s tage it is slightly corrosive to Copper, Zinc a n d brass. The 
composi t ion B with a de tona t i on veloci ty of 7800 rn/sec is used in a w ide variety 
of explosive ammuni t ion , It is powerfu l , stable, readily ava i lab le a n d relatively 
easy to melt l oad . Octo l , used in the M72 rockets has a de tona t i on veloci ty of 
8400 m/sec. Warheads with Oc to l filler have penetrat ion a n d d a m a g e ef fec t 
a b o u t 20% higher t han the same warheads fil led with composi t ion B. Oc to l also 
allows a shorter standoff of shaped charges. However, at present the cost of 
Oc to l is a b o u t 3 t imes tha t of composi t ion B. Both explosives a re usually mel t 
l oaded at 90 ±3°C. 
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1 - Safety pin is removed manual ly prior to load ing of the project i le into the 
launcher. 

2 - Upon firing the acce le ra t ion of the w a r h e a d forces the setback plunger 
b a c k against the spring. 

3 - This ac t i on releases the e ject ion pin; however, the pin c a n n o t exit the fuze 
b o d y because it is restrained by the launcher t ube wal l . 

4 - Upon muzzle exit the e ject ion pin flies ou t of the fuze a n d the fuze b e 
comes fully a r m e d . 

5 - Upon i m p a c t of the w a r h e a d against the ta rge t the inertia of the firing pin 
overcomes the spring force a n d the pin is driven into the primer, firing the 
de tona to r a n d the main charge . 

Note: All e lements are shown in a single p lane to illustrate their relationship, In 
an ac tua l fuze the componen ts may be l oca ted a long planes perpendicu lar 
to e a c h other a l lowing for a c o m p a c t and /o r simpler assembly. 
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A simple mechanical fuze detonating on impact contains all, or most of the 
components described as follows: 

1 - Safety wire or strip - locks all other safety elements and must be removed 
manually, 

2 - Setback pin and spring - this spring-loaded pin prevents the ejection pin 
from moving. During firing of the weapon the projectile is subject to sudden 
acceleration. The inertia of the setback pin forces it back against its spring. This 
movement allows the ejection pin to move partially out of the fuze body. 

3 - Ejection pin and spring - when the setback pin disengaged, the ejection 
spring forces the ejection pin partly out of the fuze. Since the projectile is still 
inside the launcher this pin cannot fly out. Only after the projectile exits the 
muzzle can the ejection pin leave the fuze completely, The ejector pin and 
spring are also called "bore safety" element. 

4 - Striker and spring - only after the ejection pin is out is the passage free for 
the striker (firing pin) to move forward, However, the striker is held back by the 
striker spring. The impact of the projectile nose against the target causes a sud
den deceleration (of the fuze elements) . The striker inertia overcomes the spring 
force and allows the striker to hit and fire the primer. 

IH-6 



Note: 1 - This fuze Is so sensitive that a drop head-on on a hard surface will fire It. 

2- To Ignite the warhead's main charge requires a booster; for reenact
ment a three (3) gram pellet of black powder will expel the simulated 
main charge (of flour). 

3- The plastic components are attached with appropriate adhesive 
at assembly; drill hole for safety wire before Inserting the firing pin (nail). 

4- An 8 penny nail with the tip cut off flat Is suitable to remove fired 
primers from the .410 ga shotshell 2 inch long case. 

5- The bore safety nail Is cut to fit the Inside diameter of the launcher; it 
Is secured by a strip of electrical tape, or equivalent. During loading, 
the tape Is carefully removed while the safety Is held by finger before 
Insertion of the projectile Into the launcher. 

6- To assure positive and reliable primer Ignition be sure that the firing 
pin (nail) strikes the center ot the primer use suitable washer and/or 
rubber sleeves for this purpose. 
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The warhead HEAT body Is made from steel extrusion with walls about 2 milli
meters thick. This requirement is dictated by the need to constrain and direct 
the filler explosion into a jet. If the body were made from a lighter and/or weaker 
material, such as sheet metal or plastic, the shaped charge would explode 
radially like a grenade. Although the reenactment warheads do not contain 
any high explosives, their overall weight is kept the same as the original HEAT 
component. This gives the reenactment item more reality in appearance and 
performance. 

The reenactment warhead should be made from simple, readily available 
materials. The construction should not require extensive machining. The equip
ment should be restricted to such as is available in a typical household, i.e. 
electric hand drill, Skilsaw, a propane torch, and maybe a few plumbing taps 
and dies, 

Following are a few work suggestions for how such a reenactment warhead 
may be constructed. For the body, use an empty soup can with the top re
moved and the edges rolled smooth. The bottom has a hole cut out to receive 
a standard male-female plumbing coupling screwed in and retained by a nut. 

The liner is made as follows. A piece of wood of a diameter equal to the 
diameter of the can (body) is shaped at one end to the cone with a rounded 
point thus forming a mandrel. The wooden piece is held in the vise so that the 
pointed end is straight up. Now cut a piece of cardboard (from a file folder, for 
example) and form it into a cone on the mandrel, Seal the cut edge with tape 
(masking, plastic, e tc ) on both sides if necessary to make a strong bond. The 
standoff shield is made in a similar manner, but using a stronger cardboard is 
necessary. The standoff shield may be built up of several layers glued together, 
until the desired rigidity is achieved. More on the standoff shield strength later. 

The reenactment warhead is assembled in the following manner: The liner is 
placed on the top (open end) of the body and secured with a tape and/or 
epoxy adhesive. Allow sufficient time for the adhesive to dry before checking 
the strength of the joint. If the liner Is well secured, place the standoff shield over 
the body top and secure it with tape and epoxy adhesive. 

If an electric nose fuze is to be used, the assembly order must be modified. 
The fuze is glued into the standoffs shield nose and the lead wires are carried 
through the warhead body, before the liner is placed in. A little slack in the wires 
is acceptable and will not affect the performance. 

Now that the "metallic" parts are assembled, place the warhead upside down 
into a suitable holder which will keep the warhead without damaging the stand
offs shield. A tall glass jar or a ring with a stand will be acceptable. Do not use a 
vise. 

A good reenactment filler is talcum powder or flour with some bright red or 
orange pigment added. It will give a visible spot on the impact. A handmade 
paper funnel is inserted Into the warhead body base. The filler is then spoon 
loaded into the body. Holding the warhead in one hand and gently tapping 
the body will assure a tightly packed filler, After the body is full to the bottom of 
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Notes: [ 

*) The switch must be tested with a dummy warhead to assure that the but
ton does not compress the switch spring (and close the circuit) during warhead 
acceleration at firing of the rocket. 

**) Two AA-cells weigh 46 grams vs. 135 grams of one D-cell; a suitable holder 
for the AA-cells is made from a strip of paper rolled on a 9/16 dia. wooden pin, 
and kept from unrolling by a piece of adhesive tape. Such a holder is light, yet 
sufficiently strong to keep the cells in place during projectile travel. 

***) Solder all contacts for secure and positive connections. 
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the threads, remove the paper funnel and place a close fitting disc of wax 
paper over the filler. A small charge of black powder ( 3-4 grams) is then poured 
over the disc. Another close fitting wax paper disc is then seated over the pow
der. This disc is further secured by a small bead of adhesive (Elmer's glue, etc.) 
around its entire periphery. The reenactment warhead is now ready for assem
bly with the reenactment detonator and rocket motor units. 
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Shaped Charge Warhead Basics 

PATTERN FOR STAND-OFF SHIELD FOR A RE-ENACTMENT MILK CAN SIZE WARHEAD 

Pattern for stand-oft shield for a reenactment milk can size warhead 
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PATTERN FOR LINER OF A RE-ENACTMENT MILK CAN SIZE WARHEAD 

Pattern for liner of a reenactment milk can size warhead 
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Shaped Charge Warhead Basics 

PATTERN FOR'A STAND-OFF SHIELD FOR A RE-ENACTMENT BEEF HASH CAN PANZERFAUST 

WARHEAD 

Pattern for a stand-off shield for a reenactmenf Panzerfaust Warhead 



The first successful individual w e a p o n firing a shaped c h a r g e ant i tank war
h e a d was the U. S. ARMY mode l M-9 2,36 inch rocket launcher common ly ca l led 
Bazooka. The basic launcher, wi th minor modi f icat ions a n d the use of a luminum 
alloy componen ts resulted in the Mode l M-18. During the Korean War the Ba
zooka underwent a major redesign wh ich resulted in the 3.5 inch M-20 series, 
This w e a p o n rema ined in service of the U, S. a n d NATO forces until the late 
1950's. Its p e r f o r m a n c e remains fo rmidab le even today , 

Some d a t a of these models are g iven be low. 

Mode l M-9 

cal iber of t ube - mm 

length of tube, f o l ded - mm 
ready to fire - mm 
weight of launcher- Kg 

length of round- mm (HEAT) 
length of w a r h e a d - mm 
weight of round- Kg 
weight of w a r h e a d - Kg 
velocity, max imum-m/sec 
range, max imum-m 
range, e f fec t ive-m 
armor penet ra t ion at 0° - mm 

firing mechan ism 
danger zone to rear of launcher - m 

60 

800 
1550 
7.2 

495 

1.57 
0.9 
82,5 
550 
250 

m a g n e t o 

60 

800 
1550 
4.7 

495 

1.57 
0.9 
82.5 
550 
250 

m a g n e t o 

89 

760 
1330 
6.3 

600 
270 
4,1 
2.05 
102 
830 
275 
280 

m a g n e t o 
70 
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The propelling system of the Bazooka can be visualized as a small diameter 
rocket (motor) fastened to the rear end of the shaped charge warhead. The 
motor Itself consists of a high grade heat treated steel tube filled with multiple 
propeliant grains. 

The rear end of the motor is closed by a diaphragm to create a combustion 
chamber. After the hot gases from the burning propeliant reach the desired 
pressure level, the diaphragm ruptures and the gases pass through the nozzle 
to the rear. This action forces the rocket body in the opposite direction. 

The Bazooka launcher is a steel tube (changed to aluminum in M-18) 61 inches 
long with an inside diameter of 2,37 inches. The ends of the tube are flared out 
to protect the tube body from dents which would prevent the entry and exit of 
the rocket. The launcher is equipped with a sight, pistol grip containing the fir
ing mechanism and a skeleton shoulder support. The Bazooka is provided with 
a coupling device allowing the tube to be folded into two 31 inch sections, The 
model M-20 series launchers are enlarged and improved versions of the original 
M-9 model. The Bazooka is very effective, yet elegant by its simplicity, Following 
are some drawings showing the nomenclature and the details of the construc
tion. 
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TITLE 
LAUNCHER ROCKET 35 M20AI 

ALUMINUM-ALLOY £AL-I7 BARS, RODS, SHAPES 8c WIRE 
ALUMINUM ALLOY 24S:BARS. RODS. AND WIRE-ROLLED OR DRAWN 
ALUMINUM ALLOY 24s; BARS. RODS AND SHAPES-EXTRUDED 
ALUMINUM ALLOY £AL-24>, PLATES, SHEETS & STRIPS 
ALUMINUM ALLOY DIE-CASTINGS 
ALUMINUM ALLOY; FORGINGS. HEAT-TREATED 
ANODIC-FILMS; CORROSION PROTECTIVE, FOR At ALLOYS 

BRASS, COMMERCIAL, BARS. PLATES, RODS, SHAPES, SHEETS AND STRIPS 

BRASS. LEADED AND NON-LEADED COPPER-ZINC ALLOY RODS, 
BARS^ SHAPES, AND FORGINGS 
BRONZE, PHOSPHOR; BARS, PLATES, RODS, SHAPES, SHEETS^& STRIPS 

CABLE, (HOOK-UP WIRE! ELECTRIC, INSULATED 
CLEANING,, PRESERVING, PACKAGING, PACKING AND MARKING OF 
SMALL ARMS SPARE PARTS 
COMPOUND CORROSION PREVENTIVE PETROLATUM-TYPE, 
HOT APPLICATION 
COPPER BARS, RODS AND SHAPES 
COPPER SILICON ALLOY. CASTINGS 
COATINGS, PHOSPHATE, PROTECTIVE [FOR IRON AND STEELJ 

ENAMEL, SYNTHETIC LUSTERLESS 
ENAMEL, SEMI-GLOSS, RUST-INHIBITING 

FILMS CHEMICAL CORROSION PREVENTIVE FOR AL & AL 
-ALLOYS 
FINISHES, PROTECTIVE FOR IRON AND STEEL PARTS 
FLUX, SOLDERING PASTE 

GLASS FIBER; YARN, CORDAGE, SLEEVING, CLOTH AND TAPE 
GREASE, LUBRICATING, GRAPHITE 

INSULATION; ELECTRICAL, SYNTHETIC-RESIN COMP^NON RIGID 
IRON, MAGNETIC, BAR, SHEET. AND STRIP 

LENS. REFLECTING SIGHT, ASSEMBLY 
LUBRICATING-OIL.PRESERVATIVE, SPECIAL 

MANUFACTURE AND INSPECTION OF SMALL ARMS WEAPONS AND 
ACCESSORIES 
METALS, GENERAL SPECIFICATION FOR INSPECTION OF 
PERMANENT MAGNEL SHAPES 
PHENOLICXMOLDED SHAPES} 

NUMBER 
MIL-L-696 

OO-A-351 
QQ-A-268 
QQ-A-267 
QQ-A-355 
QQ-A-691 
QQ-A-367 
FXS-963 

QQ-B-611 

QQ-B626 
AA-B-746 

JAN-C-76 

SAPD-1000 

MIL-C-11796 
QQ-C-502 
QQ-C-593 
MIL-C-12968 

TT-E-527 
TT-E-485 

MIL-C-5541 
57-0-2 
Q-F-506 

MIL-G-1140 
VV-G-671 

MIL-l-631 
_MJL-1-JJ_6?5 

MIL-L10000 
JAN-L-644 

52-0-1 
QQ-M-151 
QQ-M60 
MIL-P-10420 
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63 1 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77" " 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89" 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
T""o l 
102 
103 
104" 
105" 
106 
107 
108 
109 
110 
I I 1 
112" 

PLASTIC-MATERIALS, LAMINATED THERMOSETTING RODS & TUBES 
PLASTIC MATERIALS, LAMINATED THERMOSETTING SHEETS & PLATES 
PLASTICS, ORGANIC, GENERAL SPECIFICATIONS TEST METHODS 
PLASTIC, POLYSTYRENE MOLDED 
PLASTIC, POLYETHYLENE MOLDED AND EXTRUDED SHAPES 
SHEETS AND TUBING 
PRIMER, ZINC, YELLOW 
PLATING.CADMIUM (ELECTRO DEPOSITED 

RUBBER & SYNTHETIC RUBBER COMPOUNDS, GENERAL PURPOSE 
(EXCEPT TIRE, INNER TUBES SPONGE RUBBER AND HARD RUBBER) 

- — ~ 
SOLDER, SOFT (TIN, TIN-LEAD, AND LEAD SILVER) 
STEEL, ALLOY BARS (GENERAL PURPOSE) 
STEEL, CARBON, BARS (GENERAL PURPOSE) 
STEEL, CARBON, SHEET AND STRIP 
STEEL, CORROSION-RESISTING BARS, AND FORGINGS EXCEPT 
FOR REFORGING 
STEEL, SPRING SPECIAL COLD ROLLED STRIP ANNEALED 
STEEL, TOOL, ALLOY 
STEEL, TOOL. CARBON VANADIUM 
SURFACE ROUGHNESS WAVINESS AND LAY 

TUBING AL ALLOY AL-24 AL CU-MG Q 5%) -MN ROUND SEAMLESS 
TUBING BRASS, LEADED ROUND, SEAMLESS 

VARNISH MOISTURE AND FUNGUS RESISTANT FOR THE TREATMENT 
OF COMMUNI CATIONS ELECTRONICS AND ASSOCIATED 
ELECTRICAL EQUIPMENT 

WELDING, NOMENCLATURE AND DEFINITIONS 
WELDING OF CONSTRUCTIONAL STEEL, GAS, MANUAL OR MACHINE 
FOR ARTILLERY AND SMALL ARMS MATERIAL EXCLUDING 
SUBMARINE MINES AND OBSERVATION TOWERS 
WELDING OF CONSTRUCTION STEEL. RESISTANCE SPOT 
WELDING SYMBOLS 
WIRE, MAGNET 
WIRE, STEEL (CARBON), BARE & ZINC COATED 
WIRE, STEEL CARBON, SPRING, MUSIC 
WIRE, STEEL CORROSION-RESISTING 
WIRE, STEEL. SPRING. FOR SMALL ARMS WEAPONS 

MIL P !9 
MIL-P-3115 
L P 406 
L-P-461 

MIL-P-3803 
3 201 
OO-P-416 

MIL-R-3065 

Q Q S-571 
QQ-S 624 
QQ 5-633 
QQ-S-640 

QQ-S-763 
SXS-160 
QQ-S 778 
Q Q S 779 
MIL STD 10" 

"WW-T-785 ~ 
57 191 

~ 
MIL V 173 

Mk-_sir>2.o 

52-206-11 
57-206-21 
JAN-STD-19 
JAN-W-583 
QQ-W"-46f 
QQ-W-470 
QQ-W423 
48-7-1 
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The M6 series project i le consists of the HEAT w a r h e a d , fuze, motor with pro-
pellant, e lectr ic igniter a n d a nozzle a n d fin assembly. The basic components 
are shown be low. 

The 60 mill imeter HEAT w a r h e a d is of the classic t ype with a steel body, og ive 
shaped stand-off shield, c o p p e r liner a n d Pentolite ma in charge. The w a r h e a d 
body base is fas tened to a ma le t h readed union, 

The M 4 0 1 fuze is a simple, non-delay, inertia a c t u a t e d type. It consists of a 
detonator, percussion primer, spring restrained inertia firing pin and two safeties. 
One is a manua l safety pin r emoved at loading, another is a bore-riding safety 
pin released by the set -back during firing a n d held in p l ace by the launcher 
tube wall until the project i le leaves the muzzle. The fuze assembly is housed in 
the front port ion of t h e rocket motor. The M401 fuze is extremely sensitive. A 
b low on the w a r h e a d nose equiva lent to a 130mm (5 inch) drop on a hard 
surface will fire t he w a r h e a d . 

The M6 rocket motor is a seamless, heavy wal l , steel tub ing 31,7mm (1V4 inch) 
outside d iameter a n d 25.7 mm (1 inch) inside d iameter with a wall thickness of 
3.0 mm ( V8 Inch). The front of the motor is a steel par t brazed to the tube . It 
serves as the base for t he detonator-striker assembly. The motor front e n d is 
t h readed on to the w a r h e a d union p iece . The motor nozzle is part of t he fin 
assembly. 

The initial M-6 series Bazooka rocket motor con ta i ned a single cylindrical p ro-
pel lant grain 22 millimeters in d iameter wi th a 6 mill imeter hole through the c e n 
ter, This grain conf igurat ion g a v e a slow burning rate, particularly at low t e m 
peratures. The grain con t i nued to burn even after exit f rom the launcher wi th 
the gases burning the shooter's f ace . Subsequently t he propellant was m o d i 
f ied. The new c h a r g e consisted of f ive individual grains of 9 72 millimeter d i a m 
eter with a 1.6 mill imeter hole in center. The chemica l composit ion was a m o d i 
f icat ion of a convent iona l doub le-base powder a n d was cal led "Blastless Ba
zooka Propellant" (BBP) t ype M-7, 

The M-7 propel lant composi t ion is: 

Material % by weight 
Nitrocellulose 54.6 
Nitroglycerine 35.5 
Potassium ch lora te 7.8 
Carbon b lack 1.2 
Ethyl central l te 0.9 

While the M-6 series rocket motors were e x p e c t e d to opera te at 500 A t m o 
spheres (abou t 7500 psi), t he later rocket motors were operat ing at 700 A t m o 
spheres (10000 psi) a n d even 900 Atmospheres (13000 psi), For comparison, m o d 
ern shotguns are proof f ired at 900 Atmospheres a n d U. S. commerc ia l shotsheils 
opera te at 700 Atmospheres. 
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The electric igniter is held by a plastic nozzle cup Inside the nozzle-and-fln 
assembly. One of the Igniter wires is soldered to a fin (ground) while the other 
(hot) is connected at loading to the launcher electric current generator. 

The nozzle-and (in assembly consists of aluminum nozzle, six fins and a circular 
shroud, all welded together. The assembly, with the igniter seated in. Is screwed 
onto the rear end of the rocket motor. 
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Some of the most obvious differences noted in the 60 MM rocket: 
1 - Detonator is held in place by a flanged head, instead of threaded head. 

2 - Motor front component threads into the warhead union instead of 
over it, 

3 - Nozzle and fin assembly uses steel fins without ring vs. aluminum fins 
and retaining ring. 

4 - The propellant charge varies, depending on the rocket total weight, to 
give the same external ballistics just like small arms ammunition. 
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M28A2 Rocket 
The M28A2 project i le is a larger size, more power fu l a n d generally improved 

round based on the exper ience ga ined with the original M6 projecti le. The fo l 
lowing drawings g ive the basic d a t a on the M28A2. As c a n be seen from these 
drawings there were t w o types of motor h e a d closures. One type used the fe 
male th read OVER the motor body , while another t ype used male th read IN
SIDE the motor body . Apparent ly the "over - the-body" t ype was used initially 
since it gives a more positive closure under pressure. Later the " inside-body-
th read" was f ound a d e q u a t e under pressure, yet giv ing bet ter ae rodynamica l 
form. The M28 series rocket motor contains the same BBP M-7 propel lant bu t t he 
cha rge has b e e n increased to 12 Individual non-per fo ra ted grains of 9 V2 milli
meter d iameter by 125 millimeters long. Each grain we igh t is 13.2 grams giv ing a 
tota l we igh t of 160 grams. 

The rocket motor igniter M20A1 is l o c a t e d at the FORWARD end of the motor. 
The electr ic lead wires f rom the squib are run a long the bund le of the p rope l 
lant grains a n d ou t through the nozzle. They are then c o n n e c t e d to the respec
t ive g round a n d live cab les a n d terminals. 

Studying the o p e n literature of various techn ica l manuals a n d drawings, text
books a n d other re ference materials, one is presented with an a b u n d a n c e of 
conf l ic t ing d a t a . Measurements o f a c t u a l samples further c o m p o u n d this c o n 
fusion. The a p p a r e n t discrepancies or ig inate f rom the comparisons of di f ferent 
models, at di f ferent t imes a n d f rom dif ferent manufacturers, The fol lowing t a b l e 
gives g o o d approximat ions to fol low w h e n bui lding a re -enac tment unit: 

COMPONENT 

Warhead,HEAT -metal l ic parts 
HE filler 

Safety (pin or strap) 
Fuze assembly 

Motor - metal l ic parts 
propel lant 
igniter 

Total project i le weight , i grams 

ROCKET 
60 M M 

Grams 
450 
450 

20 
150 

730 
180 
20 

2000 
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89 MM 

Grams 
1020 
850 

30 
450 

1200 
160 
20 

3730 
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ROCKET,HEAT,3.5-INCH,M28A2 
UNION (Drwg.82-5-131D8) 

MATERIAL: STEEL,BAR,FS1117,COLD ROLLED 

FINISH: 125/ALL OVER 

NOTES: a - UNIDN IS FITTED AND BRAZED INTD 8DDY,HEAD (Drwg.82-5-13 IE) 

b - THE ASSEMBLED OVER ALL LENGTH IS 158MM 

c - THE DRGINAL ROCKET M28A2 USED lhi-20NS (NON-STANDARD) THREAD 
BUT lSj-lSNEF IS ADEQUATE 
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ROCKET,HEAT,3.5-INCH,M2 8A2 
CONE,HEAD (Drwg.F82-5-131C9) 

MATERIAL: COPPER,SHEET,COLD-ROLLED 
DEEP DRAWING,ANNEALED 

FINISH: 125/" ALL OVER 
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Reenactment Bazooka Launcher 
The problem with the reenactment bazooka lies in the differences between 

the diameters of the readily available launcher pipes (plastic) and the equally 
readily available warhead bodies (canned food containers). 

A M-9 or M-l 8 launcher can be made from a 2 V2 inch PVC schedule 40 pipe 
(although standard size, it is not always available on the plumbing supplier's 
shelves). The appropriate warhead body will require a resizing operation on a 
soup can body to give it a smooth sliding fit into such launcher, The dimensions 
of some typical metallic food containers are given at the end of the Panzerfaust 
chapter, 

Another launcher material is a heavy cardboard tubing (textile roll supports, 
etc.) of appropriate length. Obviously, a thin wall seamless steel tube/cylinder 
makes the best launcher material. Regardless, whether plastic or cardboard, 
the launcher should be reinforced with a sleeve of seamless steel tube in the 
area adjacent to the user's body. Furthermore, the reenactment launcher should 
be wrapped with a fiberglass reinforced adhesive tape for added protection 
(prior to painting). The face shield, grip and shoulder support can be made 
from appropriate size steel, plastic (formica, etc.) and soldered, riveted and/or 
glued with epoxy to the reinforcing sleeve. 

When building a reenactment launcher (M-9 or M-20) and putting together 
the corresponding projectiles and rocket motors it becomes apparent that the 
Panzerfaust is the preferred reenactment equipment, in spite of its shortcom
ings. 

The reenactment bazooka rocket motor is the key component of the projec
tile. It can be made from a suitable diameter cold rolled steel pipe. The follow
ing description refers to the M-6A3 motor. 

The motor body is a piece of 8 V2 inch (215 mm) long 1 inch nominal steel 
pipe, having a 1 V2 inch inside diameter and 1 5/16 inch outside diameter, The 
nozzle (see sketch) is welded into one end of the body. The other end is threaded 
1 V4-I2NF thread for 1 inch full thread. The fin assembly is placed over the nozzle 
end and secured by soldering, brazing, or epoxy adhesive. 

The motor subassembly is seated onto the tamping fixture (see sketch). The 
black powder propellant is loaded into the front end of the motor in small, uni
form increments. Each increment is compacted by use of rammer and wooden 
(or rubber) mallet. After the addition and compacting of the last increment, 
the remaining space in the body is filled with paraffin wax and the motor head 
is screwed tightly onto the motor body. After removal of the charged motor 
from the tamping fixture a small quantity (about a half teaspoon) of loose pow
der is poured into the nozzle end of the motor and an electric igniter is seated 
into the nozzle throat. The igniter is secured in place by a bead of adhesive (a 
common type paper cement will work) and a spaghetti-like piece of warm 
paraffin wax which waterproofs the joint. The motor is now ready for assembly 
to the warhead, The M-28 rocket motor may be assembled in a similar fashion. 
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Some observations on the reenactment bazooka rocket motors: 
A good, safe and reliable motor requires a substantial amount of machining. 

The preparation, testing and loading of the propellant also entails a lot of time 
and effort. Short cuts are dangerous and costly. Attention must be paid to de
tails, choice of the best materials available and safety. The payoff is in the joy of 
observing the splash of orange warhead filler on the distant target. 

When considering alternative materials and designs, bear in mind that the 
most important single consideration is the proper balance between the strength 
of the motor components and the forces (pressure) generated by the propel
lant. Unfortunately, strong and heavy components and a low pressure results in 
reduced range. Light motors and increased pressure leads to ruptured motors 
(and even launchers) with possible serious injury. The professional ordnance es
tablishments can experiment. They have the facilities, personnel and monies. 
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To appreciate the difference in handling the crew-served Bazooka under combat conditions, to the 
Panzerfaust, read the following instructions from a military manual and compare these to the Panzerfaust 
instructions. 

Preparation for Firing 

Preparation of Rocket -

After rockets arc removed 
from their packings, they are prepared for firing 
as follows: 

Examine the launcher to make 
sure that the safety snitch of the trigger grip 
on the electrical firing mechanism is in a 
"SAFE" position 

(1) All 3.5-Inch Rockets 
should be examined for loose heads. 

Eiaminc for a discernible 300" gap between the 
head and the fuze. 

Any round which has a discern
ible 360° gap between the head and the fuze is 
not to be fired. 

(2) Check rocket for loose nozzle closure by 
gently pulling tho red and green ignition lead 
wires that pass through the closure. Any move
ment of the closure indicates failure of bond- A 
loose closure may result in the rocket falling short 
or "chuffing" (intermittent burning with a puffing 
noise) when fired. 

(3) Remore^the shorting clip from the con
tact ring assembly of the rocket. 

(4) Move the control handle of the launcher 
forward to the "LOAD" position. Remove the 
safety band from the fuze, and carefully push 
the rocket into tho launcher tube until the detent 
engages the continuous groove in the support ring. 

Trior to loadkug- toe rocket Into Uie 
liuocber, tret tbe ejection pin of toe fuze to lnrare th i t 
It la free frwn blndinc. Tfatn Is done by depressing tbe pin 
irHb file nnfrrra and releaKlnt: 1L If the ejection pin binds 
while belnr depreswd or twisted. reject tbe racket 

When loading the rocket into the 
launcher, depress the ejection pin with the fin
gers until the pin is in the bore of the launcher. 
Make sure that the pin is pointed downward 
or to the side. Failure to hold the ejection pin 
depressed while loading the rocket may result 
in the pin coming in contact with the breech end 
of the launcher tube and thereby becoming 
bent Failure to point the ejection pin down
ward or to the side may result in the pin strik
ing the position slops and becoming bent Ob-
serrance of these procedures gives greater 
assurance of proper functioning of the rocket 

(S) TVhen ready to fire move the handle for
ward to the "FIRE" position. 

Procauh'ons in Firing 

Rockets should be free of sand, mud, mois
ture, frost, snow, ice, grease, or any foreign mat
ter. If rockets become dirty or wet, they should be 
wiped off at onco with a clean, dry wiping doth. 

Do not drop the muzzle of the launcher 
immediately after firing, because the rocket may 
strike tho foreground and cause serious injury to 
personnel. 

Do not fire rockets at temperatures below 
- 2 0 " F. or abovo +120" F. These temperature 
limits are marked on the rocket and are specified 
as the safe temperature limits. 

Do not fire rockets with damaged fins or 
motors. Damaged motors may cause dangerous 
pressures. Damnged fins will causo erratic flight-

Be careful when loading rockets into the 
launcher to prevent damage to the fins of the tail 
assembly. 

Do not jar a loaded launcher. 
Tho rocket must be destroyed as soon 

as practicable if the ejection pin is not in place 
in accordance with TM 9-1300-206. 

When loading the rocket into the 
launcher, depress the ejection pin with the fingers 
until tho pin is in the base of the launcher and 
make certain that the pin is pointed downward or 
to the side. Failure to hold tho ejection pin de
pressed while loading tho rocket may result in the 
pin coming in contact with the breech end of the 
launcher tube and thereby Iwoming bcnL Failure 
to point tho ejection pin downward or to the side 
may result in the pin striking tho position stops 
and becoming bent. Observance of these procedures 
gives greater assuranco of proper functioning of 
the rockets. 

Observe the B'arnj'np-
relative to protection of the eves and/or 

face and hands. 
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The following additional precautions will be 
observed in firing rockets in freezing weather. 

Rockets will function normally 
nt any temperature between the temperature limits 
marked thereon. However, there are certain pre
cautions which should be observed to insure more 
reliable functioning when the atmospheric tem
perature is below 32° F., particularly during rain
storms, snowstorms, or in an atmosphere suffi
ciently humid to cause icing or frost TThen rockets 
are subjected to temperature fluctuation, which 
mny loosen the nozzle closure, moisture may enter 
and subsequently form ice or frost within the 
motor. 

Protect the fuze cavity agai^t the en
trance of mohtuTt. The safety band, which Is 
nround the fuze, depresses the ejection pin of the 
fuze M404 series and seals the fuze against the 
entrance of moisture. When the band is removed 
preparatory to firing, moisture, if present, can 
enter the fuze cavity. Under these conditions, if 
considerable time elapses between removal of 
safely band nnd firing, moisture may have en
tered the fuze cavity and frozen. 

Rockets Prepared for Firing bxit not Fired— 

(1) Before unloading the launcher, make sure 
that the safety switch of the trigger grip on the 
electrical firing mechanism is in a " S A F E " posi
tion. 

(2) Move the control handle forward to the 
"LOAD" position. Raise the detent spring assem
bly, and carefully withdraw the rocket from the 
launcher tube. Install the safety band over the 
ejection pin and replace the shorting clip. 

(3) Rockets prepared for firing, but not fired, 
wilt bo returned to their original condition and 
packings and will be appropriately marked. Such 
ammunition will bo used first in subsequent firings 
in order that stocks of opened packings may be 
kept at a minimum. 
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The spectacular performance of the Bazooka in North Africa against the 
German tanks did not go unnoticed. The German Army copied the Bazooka 
(under the name "Panzerschreck") but it was a failure. Then in October 1943 
the Germans introduced the first Panzerfaust. Even though the first model 
(Panzerfaust 30 klein) was lacking in performance; the basic concept was sound. 
The model Pzf 30 was quickly superceded by Pzf60, PzflOO and Pzfl50. The 
model numbers referred to the sighting effective range while the armor pen
etration of all three models was kept at 200 millimeters. Since the summer of 
1944 the production of Panzerfausts was in excess of 200 thousand units per 
month. 
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The Panzerfaust was not only the first EXPENDABLE w e a p o n of this type, it was 
carr ied a n d fired by only one m a n . The Bazooka required a t w o m a n t e a m a n d 
the launcher was not d iscarded after firing. Following are some d a t a on the 
Panzerfaust: 

MODEL 

Launcher 

Length mm 
Weight g ram 
Tube ca l .mm 
Warhead d ia. 

m m 
Muzzle vel. 
m / sec 
Eff. range,m 
Penetrat ion 
at 90° m m 
Field use, 

year 

manufacturer 

30KI. | 

800 
1475 
31.5 

100 
30 

30 

144 

1943 

Hugo, 
Lamp 

30 | 60 

800 
5220 
44 

150 
30 

30 

200 

1943 

800 
6800 
44 

150 
45 

60 

200 

1944 

Schneider 
3nfabrik Leipzig 

100 

800 
6800 
44 

150 
62 

100 

200 

1944 

44-IAI4 

880 
7630 
44 

81.5 
107 

200 

375 

1961 

Dyne 
Trois 

4-2 A1 

880 
7140 
44 

67 
168 

400 

370 

1963 

Pzf3 

900 
2400 
60 

110 
170 

400 

600 

1980 

jmi t -NobelAG 
dorf 

The Panzerfaust launcher is a steel tube , of smaller d iameter a n d shorter t han 
the Bazooka. Its sights, safety a n d firing mechanism are even more simple t h a n 
the Bazooka counterparts. A l though the Panzerfaust had an ef fect ive range of 
only abou t one half of the Bazooka its other advan tages of size, weight , han 
dling, e tc . m a d e it a mode l for all future weapons of this class. The fo l lowing 
pages show pictures a n d sketches tha t illustrate the handl ing, basic design, 
a n d construct ion of typ ica l Panzerfaust. 
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PANZERFAUST FUZE activated by the discharge of the weapon. The primer 
flash sets off the 3 second delay which in turn ignites the detonator. The delay 
functions only if the warhead did not strike the target within the time limit. This 
self-destruct mechanism allows the use of the PANZERFAUST (with fragmenta
tion sleeve) in the antipersonnel role. 

The propelling charge in the original Panzerfaust was also a double-base 
powder. The charge was divided into two increments separated by an air gap. 
Each increment weighing about 95 grams was enclosed inside a cardboard 
cylinder (similar in construction to various grenade simulators in current use). A 
thin paper diaphragm sealed the propellant increments from the air gap. The 
expelling weight consisted of small metallic chips. 
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REENACTMENT PANZERFAUST 
The reenac tment Panzerfaust is the simplest of all reenac tment anti tank w e a p 

ons to build, It does not require a large a n d sophist icated launcher like Bazooka. 
I t does not n e e d a rocket motor. The reenac tmen t Panzerfaust may be c o n 
structed f rom seamless steel tub ing of 1 V2 inch (32 mm) inside d iameter a n d 
a b o u t 30 inches (760 mm) long. The launcher does no t have the front a n d rear 
con ica l protectors of the Bazooka a n d RPG. Using a simple electr ical igniter, 
descr ibed in the text el iminates the more c o m p l i c a t e d " through the t u b e " me 
chan ica l igniter. 

The rudimentary sights a n d firing mechanism may be cu t or m o l d e d from 
w o o d or plastic a n d a t t a c h e d to the tube with epoxy adhesive, 

PROPELLANT CARTRIDGE 
The r e e n a c t m e n t prope l lant car t r idge is m a d e f rom a plastic film c a n , The 

top has a hole cu t out a l lowing a t ight fit for the electr ic igniter consisting of a 
PR2 flashlight bu lb fi l led with FFFG b lack powder, as descr ibed in chap te r 2. The 
cork stopper is not need . The film c a n is l o a d e d with the desired c h a r g e of t he 
propel lant, A g o o d starting point may be 10 grams of Red Dot shotshell p o w d e r 
with 5 grams of FFFG for booster. Close the cover, wi th the f lashbulb f ac i ng IN
SIDE the c a n . The assembly is then secured with adhesive t a p e (electr ic, fiber
glass, or plastic) so tha t a pull on the wires will not d a m a g e the connect ions. 

I f a plastic film c a n is not avai lab le, t he propel lant case may be f o r m e d f rom 
a p iece of pape r rolled over a 1 inch (25 mm) d iameter w o o d e n rod. The p a p e r 
case sealed a n d t a p e d at one e n d is pul led off the rod a n d filled with the pro
pellant. The flashlight bulb igniter is p l a c e d over the propel lant a n d the p a p e r 
case is securely t a p e d all over. 

EXPELLING COUNTERWEIGHT 
Al though the original Panzerfaust used metal l ic filings as the coun te rwe igh t 

material expel led f rom the rear end , the reenac tmen t unit may use dry sand, 
Sand is more readily avai lab le, environmental ly ben ign a n d almost as ef fect ive 
as the meta l filings. 

A w o o d e n rod of a b o u t 1 V4 inch (32 mm) d iameter is used to form the c o u n 
terweight conta iner body , A sheet of paper is rolled over the rod, c losed a n d 
t a p e d at the b o t t o m . The resulting p a p e r cyl inder should have a sliding fit in t he 
Panzerfaust launcher, A 1 V2 inch plastic tub ing used as for sink t rap acts as a 
holder for the p a p e r case while it is filled with sand. A pape r case will e x p a n d 
during filling if not suppor ted. The screened, fine sand filler does not p r o d u c e a 
long range a n d dangerous rear blast area. The sand filler is c o m p a c t e d by t a p 
p ing the t u b e ( a n d p a p e r case inside) b o t t o m on a hard surface, When the 
paper case is full, the t o p is c losed a n d t a p e d over in the same manner as the 
bo t tom. The pape r coun te rwe igh t (inside the tube) is we igh ted a n d the we igh t 
is recorded on the sealed e n d . Depend ing on the componen ts a n d the overall 
length of the case, the we igh t may be a b o u t 500 grams for a 250 mm long 
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case. I t is to be r e m e m b e r e d tha t the to ta l we igh t of the expel led mat ter must 
be equa l to the to ta l we igh t o f the project i le to assure recoilless pe r fo rmance . 

REENACTMENT WARHEAD 
The w a r h e a d most readily ava i lab le wh ich has the typ ica l Panzerfaust-like 

shape is a 24 oz. c o t t a g e cheese plastic c a n . This container, however is not very 
rigid a n d requires a metal l ic c a n (from soup or milk) to g ive it the necessary 
structural strength. A 1 3/8 inch carpen te r drill bi t is used to c u t a hole in t he 
center of the c a n b o t t o m . A similar hole is cu t in the plastic c a n using a sharp 
knife or scissors. Both cans are sl ipped over the t h r e a d e d coup l ing (p last ic-can 
on the outside, the metal l ic c a n on the inside. A t h r e a d e d reducer nut is then 
screwed over the assembly to secure it in p lace . A plastic washer cu t f rom a 
suitable mater ia l m a y be n e e d e d to give a t ight a n d solid connec t i on . Into the 
inside of the front e n d of t he coup l ing Is sea ted a n d c e m e n t e d a unit consisting 
of a V2 inch connec to r t h r e a d e d into a 3/4 to V2 inch reducer. It is necessary to 
reduce the outside d iameter of this reducer to give it a sliding fit in the front e n d 
of the coup l ing . Care must be taken to make the who le assembly so tha t the 
fuze primer f l ame will have a short passage to reach the b lack p o w d e r cha rge 
o f the reenac tmen t w a r h e a d . 

A mix of plaster of Paris is pou red into the space b e t w e e n the cans of the 
w a r h e a d a n d a l l owed to dry ( w a r h e a d is kept in a vert ical position). After dry
ing, the w a r h e a d is inspected to assure tha t the plaster is filling the space uni
formly a n d to the rim of the metal l ic c a n . This assures a uniformity of we igh t 
a round the longi tudinal axis of the projecti le. A p i ece of thin p a p e r is then posi
t ioned inside the 72 inch open ing of the w a r h e a d coup l ing . The cavi ty is filled 
with b lack p o w d e r (abou t 3 grams) a n d sealed wi th a pape r disc a n d a d h e 
sive. The w a r h e a d is then filled with flour, t a l cum or other p o w d e r mater ia l . A d 
dition of br ight p i gmen t enhances the final i m p a c t ef fect . A suitable d iameter 
ca rdboa rd disc is p l a c e d over the filler a n d secured by a solid b e a d of g o o d 
adhesive all a round . After drying, the assembly is inspec ted for loose joints a n d 
the c a r d b o a r d standoff shield, previously p repared , is g l ued over the assembly. 
Again, after dry ing the joint is inspected for strength. The joint of t he standoff 
shield a n d the w a r h e a d b o d y is t a p e d over wi th elastic adhes ive t a p e (plastic 
electr ical t a p e ) a round its entire c i rcumference. 

REENACTMENT PANZERFAUST STABILIZER AND FINS ASSEMBLY 
The stabilizer b o d y m a y be const ruc ted from a p i e c e of 1 inch PVCP plastic 

pipe. The rear e n d of this t ube is cu t crosswise with a saw, A b a n d saw is pre
ferred as it p roduces a straighter cut . The fins a re c u t wi th a sharp razor b l a d e 
from a p i ece of plastic stationery folder. The fin dimensions are shown on the 
sketch. This mater ia l is strong a n d elastic to unfo ld w h e n e j e c t e d f rom the 
launcher t ube . These fins should be as uniform as possible in size a n d shape . 
The non-uniformity will a f fec t the overall a c c u r a c y of the project i le. 
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REENACTMENT PANZERFAUST, FINAL ASSEMBLY 
The steps in the final assembly are as follows: 

1 - The fuze is c e m e n t e d into the base of the w a r h e a d coup l ing, 

2 - The stabilizer assembly is c e m e n t e d into the w a r h e a d coupl ing (over the 
fuze). 

3 - An obturator (a p lug f rom a w e t newspaper page ) is pushed into the 
launcher, using a 1 V2 inch d iameter w o o d e n ramrod marked with the 
necessary distances). 

4 - The grenade-pro ject i le is pushed into the launcher till it rests against the 
obturator. 

5 - From the rear e n d of the launcher, the propel lant car t r idge is pushed in till 
i t rests against the b a c k e n d of the obturator. The ends of the igniter wires 
must be outside the launcher. 

6 - Another obtura tor (wet newspaper p a g e ) is pushed in till it rests against 
the propel lant car t r idge. 

7 - The expel l ing counterwe igh t is pushed into the launcher by hold ing the 
plastic t ube in line with the e n d of the launcher a n d pushing the counter
weight with the w o o d e n ramrod. 

8 - The rear e n d of the launcher is t a p e d over. 

9 - One of the igniter wires is c o n n e c t e d to the g round (-) e n d of the bat tery, 

10 - When ready to fire, the other igniter e n d is c o n n e c t e d to the hot (+) e n d 
of the bat tery, 

11 - The reenac tmen t Panzerfaust is fired by pushing the bat tery switch. 

NOTES: 

a - Lighter project i le requires less counterwe ight a n d smaller propel lant 
cha rge to ach ieve the same range. 

b - Better ob tu ra to r , f o rmed like an oversize shotshell c u p w a d will improve 
the ballistic ef f ic iency a n d range of the system. 
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c - When the rear obturator is seated against the propellant cartridge, care 
must be exercised not to damage the lead wires and the bulb bridgewire 
by excessive compacting of the obturator. 

d - The above described components are relatively heavy; weight was sacri
ficed for ease of assembly. The fuze weighs 100 grams, the stabilizer/fins 
assembly weighs 250 grams. The weights and dimensions of the various 
warhead components are given below, 

A lighter reenactment Panzerfaust grenade with a longer range may be built 
in the same manner as described above, but using the following components: 

Warhead body -12-oz, milk can with 5-oz. milk can inside 

3/4 Inch coupling with black powder booster 

Sand filler or equivalent 

Weight 750 grams 

Stabilizer and fins assembly: 

3/4 inch plastic schedule 40 pipe, 12 inch long fuze - modified construction 
using stabilizer pipe as body 

Weight 1 70 gram 

Total Weight 970 grams 

Propellant: 12 gram Red Dot in plastic film can taped all over 

Obturator: wet newspaper 

Such reenactment Panzerfaust should have an effective range of approxi
mately 50+ meters, 
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REENACTMENT WARHEAD BODY MATERIALS 

ITEM 

5-oz milk c a n 

soup c a n 

12-oz milk c a n 

co rned bee f hash c a n 

24-oz plastic c o t t a g e 
cheese c a n 

c a r d b o a r d toilet p a p e r 
core 

OUTSIDE 
DIAMETER 

m m 
64 ' / 2 

67V2 

75 

86 

115 

CAPACITY 

ml 
170 

330 

400 

450 

670 

98 

WEIGHT 
CONTAINER 
&SAND 
g ram 
330 

550 

650 

770 

1100 

REMARKS 

fits snugly 
inside soup c a n 

fits nicely 
inside 3 inch 
PVC p ipe 

Note: 1-3 grams FFFG vo lume is 3.2 ml 

2 - shotshell primer sensitivity specs; to fire - 57 g ram ball 

d r o p height 210 mm (firing pin t ip d ia . 1,3mm radius) 



The most common type of shoulder-fired antitank weapon used in the wide 
world today is the Russian RPG series. The RPG (Ruchnoi Protivotankovii 
Granatomet Hand-held Antitank Grenade launcher) combines the best fea
tures of the Bazooka and the Panzerfaust into a formidable, yet simple system. 

The launcher is a short and small-diameter tube. The projectile with the pro
pelling charge is loaded from the muzzle (front) end. This allows the rocket mo
tor and the exhaust nozzle to be integral with the rear end of the tube. Further
more, the small tube diameter allows higher propellant pressures (with improved 
burning characteristics) without undue tube stresses, This is comparable to a 
revolver cylinder where the .45 long Colt cartridge with low pressures produces 
the same wall stress as a .357 Magnum high pressure load, 

The mechanical firing mechanism is contained in the pistol grip. The rear end 
of the launcher is protected from damage by a flared disc. To isolate the user's 
body from contact with the hot launcher, a wooden cylinder is slipped on and 
secured over the steel tube. The launcher is non-expendable. Although the or
ganization charts show the RPG as served by a crew of two, the muzzle loading 
method allows a one man operation. Since the RPG has a gas escape hole on 
the right side of the tube, opposite the pistol grip, it cannot be fired from the left 
shoulder. 

The early (PG-2) projectile used a simple propellant charge, while the war
head stabilizer unit was practically a copy of the Panzerfaust. The grenade un
derwent a number of modifications and improvements, The current PG-7V uses 
an improved propelling charge to launch the projectile. After leaving the muzzle 
and while in flight, away from the user, the rocket in the projectile stabilizer body 
ignites. The rocket motor nozzles are inside the star-shaped unit. To stabilize the 
projectile in flight, a tail-boom with fins slides out of the stabilizer end. 

The Panzerfaust was preloaded and assembled at the factory so it did not 
require attention to the projectile loading procedure. However, the RPG pro
jectile is loaded from the muzzle by the operator. There must be a detent (knob
like projection) which orients the projectile assembly so that the primer of the 
ignition cartridge is located in line and right above the firing pin of the launcher, 
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This launching a r rangement forms basically a two-s tage rocket with improved 
ef f ic iency a n d lower we igh t as c o m p a r e d wi th previous systems. The PPG has 
been c o p i e d a n d mod i f ied by Dynamit -Nobel mode l DM-32 a n d various Fritz 
Werner models, amongs t others. 

The RPG d a t a are g iven below: 

Model RPG-2 RPG-7V DN-32 

tube caliber, millimeters 
tube length - millimeters 
launcher w e i g h t , g r a m 

round length , millimeters 
round weight , g r a m 

w a r h e a d diameter, millimeters 
w a r h e a d length, millimeters 
w a r h e a d weight , g r a m 

muzzle velocity, mlsec 
max imum veloci ty, m/sec 
ef fect ive range, meters 
max imum range, meters 
armor penet ra t ion at 0°, millimeters 

40 
950 
2860 

670 
1840 

80 
500 
1620 

84 
84 
150 

180 

40 
950 
6300 

925 
2200 

85* 
925 
1750 

100 
300 
300+ 
920 
320 

44 
880 

2500 

67 
550 
1500 

168 
210 
300+ 

370 

Note: *The latest RPG-7 w a r h e a d has been r e d u c e d by 3 millimeters to be 
s tandard ized wi th the SPG-9 recoilless gun . 
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Russian RPGs 

RPG-Z STRIKER SYSTEM ( view from the muzzle) 

Note: the s t r i k e r and the f lange have t a p e r e d s e a t s to p r e v e n t any gas 
escape f r o m t h e l a u n c h e r i n t o t h e f i r i n g s y s t e m . Any gas 
escape i s t h r o u g h t h e v e n t o n t h e r i g h t s i d e o f t h e u n i t . 
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CHARACTERISTICS OF THE RPG18 HEAT ROCKET 

Caliber of t ube 
Length of launcher: f o l ded 
Ready to fire 
Weight of launcher 
Length of round 
Length of w a r h e a d 
Velocity, max imum 
Effective range 
Armor penet ra t ion at 90° 

Note: The RPGI8 is closer to the LAW than to the o lder RPG's by using a self-
con ta ined ex tendab le tube launcher. 

m m 
m m 
m m 
g ram 
m m 
m m 
m/sec 
m 
m m 

64 
715 
1050 
1300 
700 
325 
115 
200 
375 



Russian RPGs 

The reenac tmen t RPG launcher m a y be cons t ruc ted In a manner similar to 
the m a k i n g of the Panzerfaust. The pistol grip, cu t f rom a p i e c e of '/1 Inch steel 
stock, the front a n d rear sights also m a d e from suitable p ieces of steel, c a n be 
w e l d e d or b razed to the t u b e body . The w o o d e n heat shield, cu t a n d f o r m e d Is 
s l ipped o n t o the t u b e from the rear a n d secured to the tube by adhesive. The 
rear c o n e a n d f l ange is f o r m e d f r om a me ta l l a m p s h a d e (such as used tor 
t ab le lamps) then w e l d e d or t h readed o n t o the tube . The w h o l e launcher (ex
c e p t t he w o o d ) is p a i n t e d dark g reen or b lack. 

FOLDING FINS TAIL SECTION FOR REENACTMENT RPG OR LAW PROJECTILES 

Malarial: V, inch plastic plumbing component, strip of aluminum siding, looth picks and rubber 
bands 

Fin$ Folded: The rubber band holding the tins tolded is not used when Ihe assembly Is Inside the 
respective launcher. 

Fins Open 
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This chap te r provides some basic informat ion on the M72 LAW (Light Ant i tank 
Weapon) . The LAW does not fall into the ca tego ry of WWII r e e n a c t m e n t ma te 
riel, but since it incorporates many features of its predecessors, it serves as a 
source of d a t a usable in the construct ion of such reenac tmen t units. 

LAW is the first truly sel f -contained a n d p a c k e t e d system of this t ype . Devel
o p e d in the 1960's, pu t Into service in the 70's, it still remains in use today . Surpris
ingly, in physical character ist ics of size, weight , a n d pe r fo rmance , it is closer to 
the 2.36 Inch rocket t han to the later models. 

CHARACTERISTICS OF THE M72A2 HEAT ROCKET 

Caliber of t ube 
Length of launcher; 
Ready to fire 
Weight of launcher 
Length of round 
Length of w a r h e a d 
Weight of round 
Weight of w a r h e a d 
Velocity, max imum 
Range, ef fect ive 

f o lded 

Armor penet ra t ion at 0° 
Firing mechan ism 
Danger zone to rea of launcher 

m m 
m m 
m m 
gram 
m m 
m m 
g ram 
g ram 
m/sec 
m 
m m 
percussion pr ime 
m 

68 
654 
893 
1360 
508 
240 
1035 
800 Estimated 
145 
200 
150+ Estimated 

20 

The use of improved propel lant, a luminum motor, Oc to l high explosive a n d 
better aerodynamic form make the M72 LAW probably the best unguided, shoul
der-fired, expendab le w e a p o n of its t ype today . 

The fol lowing pages show ROCKET dimensions of the various M72 rocket c o m 
ponents a n d assemblies. 
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Three basic firing positions of the LAW 
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The LAW 

RANGE LINE WITH RANGE MARKS IN METERS M72 LAW ROCKET 

FRONT SIGHT: 

A TRANSPARENT OLASTIC PLATE 
WITH RANGES ANO LEAD POINTS 
INSCRIBED ON IT. 

REAR SIGHT: 
NON-TRANSPARENT PLASIC 
PLATE WITH PEEP HOLE;SIGHT 
FLIPS UP WHEN LAUNCHER 
TUBE IS EXTENDED. 

A VIEW OF A TANK TARGET AT 200 METERS 
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LAUNCHER,ROCKET 66MM M72A2-9210200 

DETAIL OF REAR SIGHT 

DUE TO THE VARIATIONS IN ASSEMBLY TEMPERATURE,SIGHT SETTING MAY 
VARY BY DECREASING 0.08MM PER DEGREE C INCREASE OR BY INCREASING 
0.08MM PER DEGREE C DECREASE. 







The LAW 

It is interesting to note that while the original Bazooka used an 

electrical ignition system, the US Army M-72A1 and M-72A2 (LAW) 

66 MM HEAT rocket uses a mechanical ignition system illustrated 

below, 

SCHEMATIC OF A MECHANICAL IGNITION SYSTEM 

USED ON THE ROCKET,HEAT,B6MM, M72A2 (LAW) 





The LAW 





The LAW 



The Poor Man's RPG 



The LAW 

MOTOR,ROCKET M54 - 10048509 
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Typical w a r h e a d assembly p rocedure (M72A2 HEAT w a r h e a d ) 
1 - Seat a n d secure liner on to b o d y 
2 - Insert condu i t into og ive (stand-off shield) 
3 - App ly adhesive to upper par t of b o d y 
4 - Pull condu i t through b o d y 
5 - Cr imp og ive on to b o d y 
6 - Check joint strength 
7 - Preheat w a r h e a d 
8 - Place riser funnel into b o t t o m of b o d y 
9 - Pour hot explosive filler melt into the w a r h e a d 
10 - Vibrate w a r h e a d dur ing pour ing step 
11 - Remove riser funnel; the de tona to r cavi ty should be 20.8 mm dia. by 

14.0mm d e e p . 
12 - Al low fil led w a r h e a d to coo l 
13 - Seat in ter face ring 
14 - Seat fuze 
15 - Connec t condu i t to fuze.be sure the condu i t c o n t a c t ends are free of 

explosive a n d foreign mat ter 
16- Make electr ic c h e c k o f condu i t 
17 - Apply adhes ive sealant on c o m p l e t e c i rcumference of respect ive sur

faces o f og ive a n d nose c a p prior to assembling these c o m p o n e n t s 
18 - App ly adhesive to bond ing surfaces of b o d y neck a n d closure as 

follows: 
a - C lean bond ing surfaces with solvent c leaner 
b - App ly Lockti te primer T (spray or brush) to b o n d i n g surfaces 
c - App ly a cont inuous (360°) b e a d of Locktite 308, a b o u t 5 m m w ide 
a round the exterior o f b o d y neck .abou t 5 mm a w a y f rom the o p e n end . 
Brush the adhesive to cover evenly the entire neck, 
d - App ly a cont inuous (360°) b e a d of Locktite 308 a b o u t 3 m m w ide 
around the inside bond ing surface of the closure, a b o u t 5 m m from the 
o p e n e n d . 
e - Assemble closure to w a r h e a d b o d y within one (1) minute after 
adhesive has b e e n app l ied , using a press force of 90 Kg max. 
f - Keep the assembled joint under 90 ± 10 Kg fo rce for 15 minutes. 
There should be no g a p visible b e t w e e n the inter ference ring a n d the 
closure. 
g - Al low 45 minutes for the adhesive to cure wi thout disturbing. 
h - App ly 90 ± 10 Kg pull test after cur ing 
I - App ly adhes ive sealant to og ive a n d nose c a p mat ing surfaces be
fore assembling t h e m . 

Addi t ional precaut ions: 
-Primed parts must be used within 8 hours or be re-pr imed. 
- Warhead a n d fuze must be kept a l igned a n d not ro ta ted during assem
bly into closure. 
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-Closure has to pass ultrasonic physical defect test prior to assembly with 
warhead. 
-The primer and adhesive material must be stored and handled in non-
corrosive, glass or polyethylene containers only. 
Storage temperature control 5 - 32 °C Materials to be no more than 90 
days old. 

Assembly Procedure for the 66 MM Rocket MI8AI 
After the warhead-fuze-closure assembly is completed, the rocket is as

sembled in the following manner. 
1 - The igniter is seated Into the motor nozzle. 

a- A bead of sealant MIL-A-46106, about 5 mm wide by about 3mm high 
Is applied around the circumference between the major and retaining 
flanges. 
b- The igniter is then forced into the nozzle and the motor is ready for 
loading. 

2 - The rubber band is removed from the propellant assembly and the pro 
pellant is inserted into the motor, 

3- The mating surfaces of the motor and the closure are: 
a - Sprayed with anaerobic primer, grade T and allowed a minimum of 5 
minutes to dry 
b- Then 3-4 drops of sealant grade AV or AW (MIL-S-22473) are applied 
to the threads and the motor is screwed into the closure FINGER TIGHT. 
c - The sealant is then allowed to set six (6) hours minimum. 

Note: the lot samples tested should require a torque of 115 cm-Kg to disas
semble. 

4 - The motor-closure joint is then closed with a 360° bead of sealant 9221095. 
The closure holes are also covered with a 5 x 5 mm piece of tape L-T-80 
(aluminum foiled back) 

5 - Paint and protective finish are removed from the area of closure and 
warhead which is to be wrapped in tape. The paint should be removed 
2 hours prior to the wrapping operation. 

6 - The de-painted surfaces are cleaned with acetone or perchloroethyl-
ene by wiping in the direction of the nose cap, 10 minutes prior to the 
tape wrapping. 

7 - Tape 9271064 is applied in three (3) continuous layers with a 100% 
overlap.This operation must be done at temperature no less than 16°C to 
assure positive adhesion of tape to the surfaces, 

8 - Over the tape 9271064 is laid another two continuous layers of vinyl tape 
MIL-l-7798, forward and return,with two wraps at each end of the im
pregnated tape. Sufficient tension is to be maintained on the vinyl tape 
to compact, but not disturb or slide the tape 9271064, A 50% overlap of 
the vinyl tape must be kept. After completion of vinyl tape wrapping, wipe 
off excess epoxy exuding from the vinyl overlap. 
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9 - The vinyl t a p e is cured at 40 ± 100C for 16 hours before the next assembly 
10 - The assembled rocket is t hen re - touched with appropr ia te pa in t where 

necessary, 
Af ter t he c o m p l e t e assembly the pro jec t i le is c h e c k e d for t h e c o r r e c t 

weight ,Weight m a y be a d d e d to the approx ima te cen te r o f gravi ty wi th a pres
sure sensitive l ead foil t a p e HH-T-0029 (abou t 38 mm wide) . The final project i le is 
marked with the loader lot number, mon th a n d year of load ing, on the war
h e a d in a c c o r d a n c e wi th the p roduc t specif icat ions. 
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LIST OF SPECIFICATIONS, STANDARDS AND DRAWINGS OF THE DEPARTMENT 

OF DEFENSE; PERTAINING TO THE M72 LAW. 

20.1 # 30117-8R0WN 
# 34087-OLIVE DRA8 
# 37038-8LACK 

SPECIFICATIONS: 

MIL-A- 2550 
A-46106 
A-52194 

F-50415 

I- 7798 

1-19166 
1-60008 

L-60385 

M-50003 

0-45445 

P- 223 

R-50431 
R-60011 

S- 8660 
S-22473 

T- 339 

V-13750 

W-50275 

L-T- 80 
HH-T- 0029 
UU-T- 93 
TT-I- 556 
TT-I- 558 
TT-I- 559 

AMMUNITION 
ADHESIVE,SEALANT 
ADHESIVE,EPOXY 

FUZE 

TAPE 

TAPE 
IGNITER 

LAUNCHER 

MOTOR 

OCTOL 

POWDER,BLACK 

ROCKET 
ROCKET 

SEALING COMPOUND 
SEALING COMPOUND 

TETRYL 

VARNISH 

WARHEAD 

TAPE,PRESSURE SENSITIVE 
TAPE,LEAD 
TAPE 
INK 
INK,#33538,YELLOW 
INK 

DRAWINGS # 

8796377 PELLET,BOOSTER 
8796378 DISC,CUP 
8796379 WASHER 
8796384 PLUG.8ASE 
8796385 SCREW,BASE 
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MILITARY SPECIFICATION MIL-R-14741 

ROCKET, HE, 66 MILLIMETER, ANTITANK M72AI LOADING, ASSEMBLING AND 
PACKING 

1. SCOPE 

1,1 This specif ication covers special requirements, not normally required by 
the drawings and the quality assurance provisions for the loading, assembling 
and packing for one type of ant i tank c o m p l e t e round des ignated as Rocket, 
HE,66 Millimeter, Antitank, M72AI. 

2. APPLICABLE DOCUMENTS 

2,1 The following documents of the issue in e f fec t on d a t e of invitation for 
bids, form a part of this speci f icat ion to the extent speci f ied herein: 

SPECIFICATIONS 

MILITARY 

MIL-A-2550 - Ammuni t ion a n d Special Weapons: 
- Genera l Speci f icat ion For, 

MIL-S-12560 - Steel, Armor Plate, C o m b a t Vehicle Type. 
MIL-l-5607 - Inspection Equipment, Supply a n d 

Ma in tenance Of. 

STANDARDS 

MILITARY 

MIL-STD-105 - Sampling Procedures a n d Tables for Inspect ion by At
tributes, 

MIL-STD-109 - Qual i ty Assurance Terms a n d Definitions, 

MIL-STD-810 - Environmental Test Methods. 
MIL-STD-1167 - Ammuni t ion Data Cards 
MIL-STD-1235 - Single a n d Multi level Continuous Sampling Procedures 

a n d Tables for Inspection by Attributes 
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The concept of providing on Individual Infantryman with a suitable weapon 
to defeat an armored vehicle gave birth to a similar Idea. Why not design and 
build a weapon which will enable the same Infantryman to shoot down a low-
flying aircraft? And so was born the "Fllegerfaust" (Pilot fist). 

The first "Fllegerfaust" was a cluster of nine tube launchers, each containing 
a standard 20MIV1HEI shell with a rocket motor attached to it. The rockets were 
spin stabilized to duplicate the spin activation ot the fuze when tired through a 
rifled barrel. The rockets were fired electrically in two salvos. First salvo of five 
rockets was followed a fraction of a second later by the second salvo of four 
rockets. A time delay mechanism was used for this purpose. This tiring method 
produced not only a shotshell-llke pattern, but also gave a shot-string effect. 
and a better hit probability. The weapon was reloaded by another nine rockets 
retained in a clip, similar to the speed-loading of a revolver. The system was 
ready tor production in March 1945, too late for any field use. 

However, the Idea did not die. With the development of better guidance 
systems and a general improvement of the rocket motors, the multi-projectile 
Idea was abandoned. Instead a true "Anti-aircraft bazooka" was born. The 
best examples, currently in use are the "Blowpipe" (British), SA7 (Russian) and 
Stinger (USA). The Bazooka did not make the tank disappear from the battle-
lield Neither does the Stinger eliminate the aircraft. But If surely clipped its wings 
and makes il lly Higher and at a respectable distance from the infantryman 
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HAND-HELD SHOULDER-FIRED ANTI-AIRCRAFT INFANTRY WEAPONS 
("FLIEGERFAUST") 

MODEL 

YEAR OF INTRODUCTION 
(approx imate) 

WEAPON WEIGHT: ready to fire. Kg 

MISSILE WEIGHT, Kg 
WEAPON LENGTH, cm 
RANGE.MAXIMUM, m 
MAX. EFFECTIVE ALTITUDE, m 
MISSILE DIAMETER, mm 
ROCKET MOTOR TYPE 

AIMING METHOD 

BLOWPIPE SA7 

1975 1965 

21 9.5 

STINGER 

1977 

13.5 

14 
140 
3000 
1500 
76 
2 stage 

e lect ro-
op t i ca l 

130 
3000 
900 
70 
3 s tage 

o p e n 
sight 

153 
4000 
1500 
70 
2stac 

opt ic 

GUIDANCE METHOD au to - heat - IR passive 
co l lec t ing seeking homing 

Notes: 1 - Due to contro l problems,the Blowpipe has b e e n released to air 
defense artillery units only. 

2 - Da ta a b o v e varies b e t w e e n sources d u e to m o d e l modi f ica t ion. 



Appendix 

FRONTAL ARMOR OF WORLD WAR II TANKS 

MODEL 

US Mk3 (Stuart) 
US Mk4 (Sherman) 
US M26 (Pershing) 
British Matilda 
British Comet 

German MklV 

German MkV (Panther) 

ARMOR THICKNESS 
millimeters 

43 
80 
145 
80 
100 

German MkVI (Tiger) 
Russian T-34 

100 
65 

Note; The a b o v e dimensions do not consider the slope ang le of t h e armor 
plate, 
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