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I. INTRODUCTION

This report has been prepared in accordance with the terms of Contract
No. DAAFOl-67-C-0724., The objective of the program has been the development
of a concept for an individual shoulder fired weapon capable of firing 5.56mm
molded caseless propellant cartridges. The weapon concept shall be light
weight, gas operated, and possess a selective semi and full automatic fire
capability.

The six month program running from 1l June 1967 through 30 November,
1967, consisted of a detailed engineering design and theoretical analysis;
and the fabrication and testing of an experimental firing fixture. This
program has demonstrated the feasibility of using the firing pin actuated
mechanism as a simple and effective means cf firing caseless amnunition,
Presented herein (s a comprehensive summary of all work performed during the

course of the above mentioned contract.
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IL, WEAPON CONCEPT
A. CGeneral

The final cuncept for the 5.56mm caseless rifle as developed by
AAL under the present contract {s shown on the asscumbly drawing, page 2.02
The firing fixture which was desipgned, fabricated and tested during the
progran is exactly as shown tn this drawing with the exception of the stock
and auxiliary equipment, A photograph of the test fixture is shown on
page 2.03, An exterior view of the weapon can be scen 1n the artist's con-

cept on page 2,04,

A table of specitications is tncluded un page 2.05. This table

summarizes the characteristics of the caseless rifle,
R. Action 1
The basic vpervating mechanism for this weapon has been designated

as firing pin actuated. This means that the firing pin receives 1Ls energy

directly from the chamber gasecs and acts as & bolt carrier to cycle the weapon,
The weapon fires from the closed bolt position, Figure 2-5 1s a schematic
representation of the actual firing cycle. A photograph of this cycle is

shown in Figure 2-6, page 2.07, The round is fired by the impact of the
firing pin on the primer. The gas pressure acts on tue 1ace of tiwe 1iring

pin, accelerating it rearward, as the projectile moves down the barrel. The
firing pin then cams the bolt to the unlocked position, the chamber pressure

having had time to recede, and carries it rearward to the buffer. On the

forward stroke, by the action of the drive spring, the next rocund is fed, the
bolt is locked, and the chamber sealed, as the firing pin returns to the

seared position,

2,01
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SPECIFICATIONS FOR AAI CASELESS RIFLE

Weight Unloaded with Sling - = = = = = - =« =« = = - = 5.72 lbs,
Weight Loaded with 20 Rounds - - = = = - - - - = = - 5.96 lbs,
Overall Length = - =~ = = = = = = « « = = = - = « = - 40 in.
Barrel Length - = = = = = = = = = = - =« -« - @ - - =~ 20 in.
Rate of Fire - = = - = = = =« = = = = =« = - - - - - 750 rds/min
Modes of Operation - = = « = = = = = = = = = o - = - » Semiautomatic

Full Automatic

optivnal: 3-Round Burst

Caliber = = = = @ = = - =« =2 = = =« - 2 =02 - 5.56mm

Muzzle Velocity = = = = = = = = = = « = « =« - = = = = 3250 ft/sec
Method of Operation - - = - = = - = » = = = = = - - - Firing Pin Actuation
Firing Method - = = - = = = = = = = = = = = c v = - = Closed Bolt
Chamber Cooling - = « = = = = = = = = = - = - = - - - .6 lb. Alum, Heat Sink
Extraction = = = = = = = = = =« = = = o = - = - o =" Compressed Air
Rounds to "Cook-Off" Level (at 750 rds/min) - - - - - 530

Figure 2-4

2.05
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FIGURE 2-5
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c. Breech Seal
The bolt and firing pin seals developed by AAl have been com-

pletely successful in sealing off the chamber during the firing cycle. The
drawing on page 2,09, Figure 2-7, shows an enlarged view of the breech sealing
mechanism used on the test tixture, A complete theoretical analysis of the
mechanics of obturation of these scals is presented in Appendix "A", The
basic principle usced here 1s to have a wetal obturating surface act as the
high pressure seal, followed by a backup "O" ring type scal to block lower
pressure gases that wmay cscape the inftial secal prior to complete obturation,
The actual bolt, firing pin, and seals in use uvn the test fixture are shown
in Figures2-8 and 2-9 on page 2.10 and 2.11.

D. Extraction and Ejection

The extractor concept investigated during the recently completed

program is shown in Figure 2-10, This device uscs pressurized air to force
the chambered round out of the barrel into the ejector tray, A photugraph of
the actual components is shown on page 2.13 The mechanism is actuated by
pulling the charging handle which 1is connected to the pump piston. As the
charging handle is moved rearward, the bolt and firing pin move back and the
ejector tray drops down., When the piston nears the end of its stroke, the
valve is opened, allowing the compressed air to enter the chamber and force
the cartridge into the ejector tray. When the charging handle is released,
the bolt cams the ejector up throwing the cartridge out the ejection port.

E. Magazine

Figure 2-12 shows the design of a 20 round box type double row

magazine. This magazine has a two-piece injection molded case and a molded

2,08
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follower all made of glass-filled Nylon, The capacity could, of course, be

increased by increasing the length of the magazine. Another way to increase
the capacity to thirty or more rounds is by going to a drum type magazine
as shown in Figure 2-13,

Actual magazine tests performed during the contract are described
in Section Il1-B-7, These teste indicate the complete feasibility of feeding
caseless cartridges at high rates from a conventional magazine of the type
described above.

F. Trigger Mechanism

The trigger mechanism design is shown on page 2.17. The mechanism
is housed in a molded plastic case which could be fitted with rubber seals to
render it air tight, The module design of the trigger mechanism makes replace-
ment of the unit a simple operation. A projecting lug on the stock picks up
a groove at the lower left corner of the trigger mechanism about which it is
pivoted into place. The sear pin is then inserted through the receiver to lock
the unit in place,

The operation of the trigger mechanism is as follows (Refer to the
drawing). With the Mode Selector in the position shown, the mechanism is set
for full automatic fire. The Secondary Sear is cammed down so that the Trigger
operates the Primary Sear only, and the weapon fires as long as the Trigger is
pulled. A ninety degree rotation of the Mode Selector will disengage the
Secondary Sear and place the mech&nism in the semiautomatic position. Now
when the trigger is pulled, the Primary Sear is lowered and the Firing Pin

is released to fire the weapon as before; however, at the same time, the

2.15
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Secondary Sear is allowed to rotate up, by virtue of the Trigger Link, and
retain the Firiny Pin after one cycle until the Trigger is released. Releasing
the Trigyger causes an interchange of scars and resets the mechanism. The Safety
is off as shown in the diagram, Clockwise rotation moves the Safety into a
position beneath the Primary Sear providing a positive block to prevent in-
advertant firing., With the Satety on, the projecting arm blocks the finger
arca of the tripgger providing an casily identifiable means of determining
that the gun is in the safc pousition,

The trigyger mechanism on the actual test fixture was made from
existing parts and is capable of full automatic uvperation only.

G. Stock, Sights, and Ancillary Equipment
l. Stouck
The weapon concept makes use of the une-piece injection

molded stock and foregrip desiyn of the type used on the SPIW Weapon. The
stock and foregrip configuration is shown on the assenbly drawing on page 2,02
The material is 40%, glass-filled Nylon. The stock also serves as a receiver
cover, barrel jacket, spare parts kit retainer, and rear sight housing. The
photograph on Page 2,19 shows the SPIW stock as it comes from the molder,

2 Sights

The rear sight design is again, in concept, very similar

to the SPIW sight. The adjustment allowed for is a total of 3/8 inch (15 mils)
movznant of the aperature for elevation and 1/4 inch (10 mils) movement azimuth
correction. The drawing on page 2.20 shows this concept. The housing is

molded as part of the stock, as shown, with detents and graduations included
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in the mold. The low profile of the rear sight allows the front sight post
to be kept at a minimun height which is advantageous with regard to handling
characteristics and quick fire sighting (pointing). The wdjustment is

accomplished by the use of two detented levers - one on each side of the

sight. They can be moved up or down, by hand, through one mil detented
clicks that are easily distinguishable., There is a zero indicator and
clearly marked adjustment direction, The operation is as follows. The
sight bar is spring loaded against two cams. The Rear Sight Cam moves
axially along the Sight Shaft when the Azimuth Indicator Arm {s rotated.
The cam in turn moves the Sight Bar to provide windage adjustment. The
Elevation Indicator Arm is connected directly to the Sight Shaft and, when
rotated, cams the Sight Bar in the vertical direction for elevation control,
The Sight Nut is staked in place during assembly,

3. Bipod

The bipod mount has been located just forward of the maga-

zine. The heat sink actually serves as the mounting bracket. The rearward
location of the bipod has been chosen to eliminate the deterioration in
accuracy, caused by the deflection of the barrel, that sometimes occurs when
pressurer is exerted on the butt stock of a rifle with the bipod mounted near
the muzzle end. This location of the mounting bracket provides a solid founda-
tion for the bipod and greatly reduces the magnitude of the bending moment that
can be applied to the barrel. The proposed concept is shown in Figure 2-17.
Installation is accomplished by simply sliding the projecting tab of the bipod

into the detented slot in the heat sink., A means for folding the bipod into
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a stowed position along the side of the gun as well as adjustment of the leg

length is also provided.
4, Bayonet, Sling, and Cleaning Kit
The muzzle device is designed to accept the stundard -7
bayonet now in use by the Government, The sling is a conventional type with

the swivel mount locations and method of installation being standard.

The cleaning and spare parts kit is housed in the hollow
foam filled butt stock of the rifle, The proposed design is shown on the
assembly drawing, page 2.02, The kit contains a cleaning rod, patches, a
brush, a small oil container, and a small compartment for sparc parts, such
as replacement seals for the bolt and firing pin, The cleaning kit is in-
stalled by inserting it through a hole in the butt pad, pushing it in against
a spring loaded sleeve, rotating it 90 degrees, and allowing it to snap into

a recessed lock, To remove it, the process is reversed,

2.23
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111, TEST RESULTS
A. Description of Test Program

Early in the contract permission was granted for the fabrication
of an experimental test firing {ixture. The purpose of this test fixture
was to determine the feasibility of the proposed caseless mechanism, It was
hoped that information could be obtained on weapon function and performance.
Such items as breech secaling, extraction and ejection, barrel heating and
covk-off, and automatic feeding and chambering of rounds were to be investi-
gated, A photograph of the assembled test fixture is shown in Figure 2-2
on page 2,03, A disassembled view is shown in Figure 3-1.

During the course of the contract, 103 rounds were expended in firing
tests, The rounds tested were furnished as GFE by Frankford Arsenal (Page 3.03).
Throughout the test program an unusually long ignition delay was noted on
most shots., A great deal of the testing conducted was directed toward the
determination of the cause for this delay. Very little testing was done in
the areas of heat flow and cook-off level determination of the weapon due to
the limited number of rounds available, Determination of the ammunition
cook-off point was made. Throughout the tests high speed movies were taken
of nearly every round. From the movies information on the breech seal effective-
ness, weapon cyclic rate, feed mechanism, and firing pin velocity was obtained.
Also recorded for each shot was the muzzle velocity. A '"Mann' barrel was
fabricated late in the program for the purpose of obtaining pressure-time
data, This barrel is shown in Figure 3-3 . The following section describes

the tests performed and summarizes the results of these tests.

3.01
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B. Description of Test Results

The test fixture design was based on calculations performed in
Appendix "A". The initial shots were successful in that the mechanism cycled,
the muzzle velocity was satisfactory, and no part failure occurred, Some of
the difficulties encountered in the early testing included the following.
The bolt seal allowed some gas leakage to occur, the cyclic rate was approxi-
mately 1500 rounds per minute - twice the specified rate, a misfire rate

(in the early tests) of approximately 507 was experienced, and the rounds

that fired showed an unusually long ignition delay as mentioned in Section A,
The results of efforts made to correct these problems and other tests con-
ducted are described below.
l. Breech Sealing
The bolt seal used in the first model consisted of a tapered
obturating surface which mated with a similar surface on the barrel. This

design is shown in Figure 3-4 , page 3.06, Some leakage occurred with

this design, due mostly to the fact that rearward deflection of the bolt
causes an increase in the obturator clearance, The tapered bolt seal was
replaced with a cylindrical seal as shown in Figure 2-7 , page 2.09 . This
new seal was successful in eliminating the gas leakage completely.

Experiments with the breech sealing mechanism showed that

the metal obturator on the leading edge of the firing pin was not needed for
sealing purposes. The long, thin expansion area between the bolt and firing
pin was sufficient to reduce the pressure to a level capable of being sealed

by the "O" ring. It was found, however, using this arrangement that noticeable
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erogsion of the firing pin did occur within 30 rounds. It is therefore believed

that the obturating surface may be nceded for prevention of gas erosion, Evidence
of gas erosion, to a much smaller degree, was noted also on the bolt obturator
after 50-60 rounds. This is an area that will need further investigation in future
tests. In addition, it is believed that subsequent effort needed in the chamber
seal area should include optimization of the design to determine the simplest
configuration that will do the job, and reliability and durability testing to
increase part life.

2% Ignition

The ignition difficulties which were discovered early and con-
tinued throughout the testing received greater attention than any of the other
problems. These difficulties can be placed in three categories.

a. No ignition - primer does not fire,

b. Primer only - primer ignites, primer cup breaks
up, but propellant does not burn,

c¢. Ignition delay - round ignites satisfactorily after
a delay of varying length,

Of the total 103 rounds tested, 41 did not fire. Of the 41
that did not fire, only 9 had no primer ignition; the other 32 were found to
have had complete primer burning and primer cup breakup with no propellant
ign’ Of the 62 rounds that fired, all exhibited an ignition delay
rang.. ., from 2,5 millisec to 400 millisec with the average estimated to be
around 60 millisec. It should be noted that these values include the results

obtained from tests of several firing pin tip configuracions, various firing

3.07




pin velocities and energies, and varying chamber volumes; some of which displayed
very poor ignition characteristics, It is believed that there is a definite
relationship between the ignition delay and the rounds that have primer, but no
propellant ignition; this relationship being that when the propellant fails to
ignite, it is just an extrewe case of the same condition that caused the loug
delay.

In an effort to eliminate the erratic ignition delay and
reduce the misfire rate, the following items were tried.

a, Variation of firing pin mass, velocity, protrusion, and
tip configuration,

b, Reduction of chamber volume,

c., Addition of a hotter propellant, namly, WC Bla:k, to
hollow portion of cartridge ahead of the primer.

d. Drying of the amnunition,

Table 3-1,page 3.09shows the cffect of firing pin and chamber
volume variation on ignition. A review of the data shows that, in general, the
misfire rate is improved by reducing the chamber volume. The chamber volume
is now at the point, however, where it becomes somewhat impractical to decrease
it any further. Increasing the firing pin velocity from 6.8 ft/sec to 10 ft/sec
also appears to have reduced the number of misfires. Increasing the velocity
any further than this does not seem to affect the ignition, however. The most
efficient firing pin tip appears to be one with a .020 inch diameter flat, 60°
included angle, and .065 to .070 inch protrusion,

The ignition delay that occurs on all shots that fire is not

greatly effected by any of the modifications made. Of the four cartridges that
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TABLE 3=1,EFFECT OF FIRIMu PIN VARIATION ON IGNITION

Firing|[Firing
Firing Pin Pin Pin Rounds ignition
Configuration | Mass Vel, Tested
by, {ps
4 primer only
6.8 8
- OK - avy delay = B0 ms
)
1 no primer fire
8.0 b 2 primer onty
1 0K delay = 100 ms
2 primer only
8.0 4
2 UK - avg delay = 80 ms
L42
2 primer only
10.0 3
1 UK delay = 100 ws
Ry 10.0 7 7 - OK - avy delay = 80 ms
(range 7 us to 174 ms)
SHARP 1 wo primer fire
% 1 fired when charged (slip sear)
.42 10.0 5 1
primer only
2 - OK,delays 108 ms, 271 ms
.099
SHARP
.42 6.8 1 1 no primer fire
.093
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TABLE 3-1 (cCont'd)

Firing | Firing
Firing Pin \Pi_" Pin Rounds Fanit(
Contiguration s Vel risted gnition
lbs. trs
6.8 1 I - pcimer vnly
42 10.0 ! }J - OK - delay = 12 ws, 8 ms, 25 ms
I - primer only
ye
= 2 05 0 - Aoy = 42000 uE, 91 Evs, 5 18, 18 s
I - primer only
10 “ . 5
025 § - OK - delay 18 ms, 133 ms
.33
| - primer only
45 b
5 -« OK delav = 15 ms, 18 ms, 11l mg, 8.3 ms
.076
12 2 2 - 0K -~ deldy = 13 ws, 85 us
.23
27 A 4 - OK - delay = |4 ns, 7 ms, b ms, 26 ws
2 - primer only
.33 7.5 8
6 - OK - delay = 53 ms, 3 ms, 8 ms
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tiring [Firing

TABLE 3-1 (Con( 'd)

Firing Pin Pin Pin Rounds Lenttion
Configuration|Mass Velo } Tested AR
lbs, tps
055 .
I = no primer fire
.33 7.5 5| 1 - primer only

§ | 3 - 0K

le-.045

ALL AMMUNITION DRLIED OVER NIGHT AT 1220F

.060
L - 2 - uo primer fire

\<G7. .33 8.2 9 I - primer only
T—— 6 - OK - delay = 10 ms, 6l ms, 430 ms, 83 ms

,-Locs

1401
2 - no primer fire
.33 8.2 3l
: 1 - primer only
-
R\_-# 070
2 - primer only
5
3 - OK - delay = 8b ms, 20 ws, 6 ns
.020 4
2o h_!_h .33 7.5
.8 gr l - no primer fire
-.072 ﬁ(l:ank 4 1 - primer only
Added 2 - OK - delay = 4 ms, 16 ws
3.11




were lodded with an extra charge of WC Blank; one had no primer fire, one had
the primer fire only, und the other two fired with un average delay of 10
millisec., This delay is well below the overall average, however, the small
sample makes the results somewhat inconclusive.

Drying the ammunition in an oven at 122°F for 12 hours pro-
duced no noticeable improvement in ignition.

Based on the above test results, it is concluded that the
ignition problem lies primarily in the fact that the small size of the primer
in the GFE ammunition makes it extremely sensitive to small chamber volume
variations; and further, that in order to obtain reliable ignition, the chamber
volume must be controlled to a point that is not practical in an automatic
weapon of this type.

3. Rate of Fire

An actual time vs, Firing Pin Displacement curve for shots
no. 47, 48, and 49 is included on page 3.13. This was a three round burst
fired from a magazine. A high specd movie of this burst has been previously
supplied to Rock Island and Frankford Arsenal, The cyclic rate of the weapon
on this series of shots is approximately 1900 rds/min. This rate does not
include the ignition delay. The slide has an added weight of .1 1b. If this
weight is increased to .2 1b, the cyclic rate is decreased to less than
1500 rds/min. Removal of the weight altogether will increase the rate to
over 2600 rds/min, Further adjustment of the rate can be accomplished by
several means. Variation of firing pin mass, tip diameter, and stroke will

regvlate the recoil velocity of the firing pin and subsequently the cyclic rate,
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Other methods include the use of an energy absorbing buffer, or a mechanical
low rate mechanism, and the variation of the length of the bolt cam tracks,
which affect the bolt dwell time and dg}ermine the unlocking pressure. The
contract specifies a cyclic rate of 776 rounds per minute, By using one or
more of the above-mentioned means, this rate can be attained. If a high rate
burst capability should be desired, this can also be accomplished.
4, Extraction and Ejection

The compressed air extractor is shown in Figure 2-10,page 2,12,
A working model was fabricated for use on the test fixture. A bolt operated
ejector was also manufactured and installed on the test fixture, Tests con-
ducted with this system have shown that the extractor-ejector combination is
capable of clearing loose unfired cartridges from the weapon; however, there
is not enough force available to extract a tightly jammed round. In order
to improve the effectiveness of this system, a mechanism has been layed out
which can be used with the existing design and may provide the force needed
to extract tight rounds. This device is a cam for the nose of the round that
offers an initial mechanical boost while it also blocks the bore ahead of the
air inlet so that less air pressure is lost in the muzzle direction,

5. Erosion

The effects of gas erosion on the test fixture were moct
noticeable on the firing pin tip. This is discussed in Section 1, above,
Since only 62 rounds were actually fired, and none of these were in sustained
bursts, it would be expected that not too much erosion would occur. No

noticeable barrel or chamber erosion was in evidence. It is believed that
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this subject is one that will require ¢xtensive investigation on future
Pprograms,
6. Cook-Off

A theoretical analysis of the barrel heating and cook-off
problems is presented in Appendix "A", Section B. No actual firing tests
were conducted to substantiate this data, due mainly to the small number of
rounds and the limited time available.

The test fixture was fitted with a .6 1b, aluminum heat
sink and a thin walled 187 Nickel Maraging Steel chamber which had been
established as the most efficient means of deterring cook-off according to
the theoretical analysis, Firing tests showed that this arrangement was
structurally sound.

The cook-off temperature of the 5,56mm Frankford Arsenal
caseless ammunition was found to be between 300°F and 325°F. It was determined
also that the primer cooks off at a temperature equal to or above that of the
propellant, To determine the cook-off temperature, several rounds were
separated into two pieces -~ one containing the primer and the other with no
primer material. The test rounds were placed in a preheated oven and left
there for 30 minutes or until they ignited. The chart on page 3.16 shows the
amnunition cook-off test results.

7. Automatic Feed

A ten round single row box type magazine was fabricated in

order that the feed system could be tested. The photograph on page 3.17

shows this magazine. A total of 22 rounds in three-round bursts were fed




e e e e e d e e

—— . —

Table 3-2 Cook-0ff Temperaturc Determination

B DL e & a
Test Portion of Oven
No. Round Tested| Temp. Results
°F
1 Propellant only 250 Did not ignite in 30 min,
2 Propellant only{ 300 Did not ignite in 30 min.
3 Propellant only] 350 Ignited after 5 min. 11 sec.
4 Propellant only] 350 Ignited after 3 min, 44 sec,
5 Proprllant onlyl 325 Ignited in < 30 min - time
not recorded
6 Propellant ouly] 325 Ignited after 9 min., 15 sec.
7 Propellant only] 300 Did not ignite in 30 min,
8 Propellant & 300 Did not ignite in 3C min,
primer -
9 Propellant & 325 1 Ignited after 6 min., 56 sec.
primer
3.16
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from the magazine in actual tests and at weapon cyclic rates varying from

1500 to 2600 rounds per minute. One damaged round occurred on a short cycle
that caused a partial feed. These tests have indicated that the ammunition is
sufficiently rugged to withstand the loads encountered in stripping and chamber-
ing at high rates of fire, and that the mechanism is capable of delivering
the round from the magazine to the chamber.
C. Firing Records

This section presents a complete list of all shots fired from the

AAI Caseless Test Fixture. All recorded data from each shot as well as observed

results and modifications performed are included.

3.18
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